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ABSTRACT
B a c t e r i a l  p o p u la t io n s  In d ig e n o u s  t o  s u r f a c e  (1 m) w a te r s  of 
t h e  M iddle  A t l a n t i c  O u ter  C o n t i n e n t a l  S h a lf  were sam pled  a t  s e a s o n a l  
I n t e r v a l s  t o  d e te r m in e  t h e  abundance  and d i s t r i b u t i o n  o f  p e t ro le u m -  
d e g ra d in g  (HC) and " t o t a l "  h e t e r o t r o p h i c  (HET) b a c t e r i a .  S im u ltan ­
e o u s ly ,  unw eathered  South  L o u i s ia n a  c ru d e  o i l  (SLCO) was added to  
a l l q u o t e  o f  s u r f a c e  w a te r  sam ples t o  e v a l u a t e  r a t e s  and  p a t t e r n s  o f  
d e g r a d a t io n  o f  h y d ro c a rb o n .  D e g ra d a t io n  was s t u d i e d  u s in g  s e l e c t e d  
n u t r i e n t  and  te m p e ra tu re  reg im es  i n  b o th  c lo s e d  H a s k  and p ro to ty p e  
"open"  o r  c o n t in u o u s  d i l u t i o n  s y s te m s .
HET b a c t e r i a l  l e v e l s  g e n e r a l l y  d e c r e a s e d  w ith  d i s t a n c e  from la n d  
(tt in s h o re  *  6  a  10^ HPN/ml to  if o f f s h o r e  ■ 6 * 10^ MPtf/ml), HC 
b a c t e r i a  were most abundan t In  t h e  c o a s t a l  boundary  l a y e r  ( ! ■  2  * 1 0  
KPN/ml). Changes i n  v a lu e s  o f  HC/HET o f t e n  were n o t  d i r e c t l y  r e l a t e d  
to  t h e  abundance o f  p e t ro le u m -d e g ra d in g  b a c t e r i a .  I n  c lo s e d  f l a s k s  
t h e  c o m p o s i t io n  o f  b a c t e r i a l  p o p u la t io n s  changed s l i g h t l y  in  re s p o n s e  
to  SLCO a d d i t i o n ;  Pseudomonas p re d o m in a te d  a f t e r  48 d a y s .  Pseudomonas 
I s o l a t e s  e x h i b i t e d  t h e  g r e a t e s t  a b i l i t y  f o r  p e tro le u m  d e g r a d a t io n  In  
p u re  c u l t u r e s .
D e g ra d a t io n  of Sl£ 0  i n  c lo s e d  f l a s k s  c h a r a c t e r i s t i c a l l y  r e s u l t e d  
in  rem oval o f  n - a lk a n e s  and s e l e c t e d  a ro m a t ic s  a t  r a t e s  r e l a t e d  to  
s e a s o n ,  sam pling  l o c a t i o n ,  and n u t r i e n t  reg im e . A ro m a tic  compounds 
w ere  o f t e n  removed c o n c o m ita n t ly  w i th  n - a l k a n e s .  A lthough  maximum 
r a t e s  o f  d e g r a d a t io n  w sre  o b serv ed  a t  15°C u s in g  c o a s t a l  w a te r  
I n o c u la  and  I n o r g a n ic  n u t r i e n t  e n r i c h m e n t , a l l  s h e l f  w a te r s  sampled 
c o n ta in e d  b a c t e r i a  c a p a b le  o f  p e t ro le u m  d e g r a d a t io n .
PETROLEUM DEGRADATION BY NATURALLY OCCURRING 
POPULATIONS OF MARINE BACTERIA
INTRODUCTION
The need f a r  e v e r  I n c r e a s i n g  am ounts  o f  p e t r o le u m  an d  t h e  
d e s i r e  f o r  l e s s  d ependence  on f o r e i g n  p e t r o l e u m  s o u r c e s  have  
s t i m u l a t e d  e x p l o r a t i o n  f o r  p e t r o le u m  on t h e  H ld d le  A t l a n t i c  O u te r  
C o n t i n e n t a l  S h e l f  (MAOCS). S i t e s  f o r  d r i l l i n g  have b e e n  l e a s e d  and 
e x p l o r a t o r y  d r i l l i n g  h a s  ta k e n  p l a c e .  In  c o n j u n c t i o n  w i t h  p e t r o l e u m  
e x p l o r a t i o n  a c t i v i t i e s ,  e f f o r t s  w ere  u n d e r t a k e n  t o  d e s c r i b e  t h e  
b a s e l i n e  b i o l o g y * c h e m is t r y  * g e o lo g y ,  and  h y d ro g ra p h y  o f  t h e  MAOCS.
As a  p a r t  o f  t h e  b a s e l i n e  S t u d i e s ,  an  e x a m in a t io n  o f  t h e  b a c t e r i o l o g y  
o f  MAOCS s u r f a c e  w a te r s  was I n i t i a t e d .  T h e se  b a c t e r i o l o g i c a l  s t u d i e s  
a f f o r d e d  an o p p o r t u n i t y  t o  e x p l o r e  t h e  r o l e  o f  n a t u r a l l y  o c c u r r i n g  
p o p u l a t i o n s  o f  m a r in e  b a c t e r i a  I n  t h e  d e g r a d a t i o n  o f  p e t r o l e u m .  G o a ls  
o f  t h i s  d i s s e r t a t i o n  s tu d y  I n c lu d e d  d e t e r m i n a t i o n  o f  r a t e s  and 
p a t t e r n s  o f  d e g r a d a t i o n  o f  p e t r o le u m  com p o n en ts  by n a t u r a l l y  o c c u r r i n g  
p o p u la t i o n s  o f  m a r in e  b a c t e r i a ,  e v a l u a t i o n  o f  p o s s i b l e  b a c t e r i a l  
s u c c e s s i o n  d u r i n g  th e  c o u r s e  o f  d e g r a d a t i o n  and  a s s e s s m e n t  o f  t h e  
e f f e c t s  o f  i n o r g a n i c  n u t r i e n t  l e v e l s ,  p e t r o l e u m  c o n c e n t r a t i o n ,  
i n c u b a t i o n  t e m p e r a t u r e ,  and in o c u lu m  s o u rc e  on b a c t e r i a l  d e g r a d a t i o n  
o f  p e t ro le u m .
B a c t e r i a  p l a y  a r o l e  i n  t h e  d l a g e n e s i s  o f  p e t ro le u m  e n t e r i n g  t h e  
m arine  e n v i ro n m e n t .  B a c t e r i a l  d e g r a d a t i o n ,  p h o t o - o x l d a t i o n , e v a p o r a -  
t i o n ,  s i n k i n g  a n d  v a r io u s  o t h e r  p h y s i c a l - c h e m i c a l  c h a n g e s  c o n t r i b u t e  
t o  t h e  e v e n t u a l  rem oval o f  p e t r o l e u m  ( Z o B e l l ,  1 9 6 9 ) .  P e t r o l e u m
2
3d e g r a d a t io n  by m ic ro o rg an ism s  has  been  rev iew ed  and summarized 
(Z o B e ll ,  1946, 1930; B e e r s t e c h e r ,  1934; VahDerLlnden and T h l j s s e ,
1965; D a v is ,  1967; Z o B e ll ,  1969; F lo o d g a te ,  1972; A h e am , 1973;
A t l a s  and B a r th a ,  1973a; G unkel, 1973 and L ee , 197 7 ).  P e t ro le u m  l a  
a h ig h ly  complex o rg a n ic  m ix tu re  o f  compounds, many o f  which a r e  
homologous s e r i e s  o f  h y d ro c a rb o n s  (D av is ,  196 7 ).  C e r t a i n  h y d ro ca rb o n s  
have been  shown to  be d eg rad ed  by b a c t e r i a  in  p u re  c u l t u r e  and A t l a s  
and B a r th a  (1973a) have com piled a  sunmary l i s t i n g  o f  e x p e r im e n ts  
d e s c r i b i n g  t h i s  phenomenon. However, s t u d i e s  d e s c r i b i n g  d e g r a d a t io n  
o f  p u re  h y d ro ca rb o n s  by p u re  c u l t u r e s  y i e l d  l i t t l e  i n s i g h t  on 
d e g r a d a t io n  o f  t h e  v a s t l y  more complex m ix tu re  o f  h y d ro c a rb o n s  and 
o t h e r  compounds found in  c ru d e  o i l s .  K a l l i o  (1976) has  s t a t e d  t h a t  
o n ly  a sm a ll  f r a c t i o n  of h y d ro ca rb o n s  found In  c ru d e  o i l  have been 
i d e n t i f i e d  and th e  s i g n i f i c a n c e  o f  p u re  c u l t u r e  d e g r a d a t io n  s t u d i e s  
o f  i n d i v i d u a l  hydrocarbon  i s  q u e s t i o n a b l e  when a p p l i e d  t o  th e  r e a l  
w o r ld .  S e v e ra l  f i e l d  s t u d i e s  have d e s c r ib e d  an I n c r e a s e  o f  p e t ro le u m -  
d e g ra d in g  b a c t e r i a  in  a r e a s  o f  p e tro le u m  p o l l u t i o n  (P o ly ak o v a , 1962; 
M ironov, 1970; R r ld l£  and Bos, 1971; A t la s  and B a r th a ,  1973c; W alker 
and C o lw e l l ,  1973; M u lk in e - P h i l ip s  and S te w a r t ,  1974; B uckley e t  a l . ,  
1976; L ee , 1976; S e k l ,  1976; K a to r  and Herw lg, 1977; Oppenheimer 
e t  a l . ,  1977; F u jisaw a  e t  a l . ,  1978 and Roubal and A t l a s ,  197 8 ).  Some 
found t h a t  n o t  o n ly  d id  t h e  a b s o lu t e  number o f p e t r o le u m - d e g r a d e r s  
i n c r e a s e  bu t t h e i r  p e rc e n ta g e  o f  th e  t o t a l  h e t e r o t r o p h i c  p o p u la t io n  
I n c r e a s e d  (Walker and C o lw e l l ,  1973, 1976; K ato r and Herwlg, 1977; 
Oppenheimer e t  a l . ,  1977 and Fujikaw a e t  a l . ,  1978), A lthough 
l a b o r a t o r y  s t u d i e s  on th e  d e g r a d a t io n  o f  pure  h y d ro c a rb o n s  by p u re  o r
4n ix e d  b a c t e r i a l  c u l t u r e s  may h e lp  to  e l u c i d a t e  b io c h e m ic a l  pa thw ays  
In v o lv e d  In  t h e  d e g r a d a t io n  o f  I n d i v i d u a l  components* such  s t u d i e s  
do n o t  c o n c i s e l y  a d d re s s  d e g r a d a t io n  o f  a  complex w ho le  c ru d e  o i l  by 
b a c t e r i a l  p o p u l a t i o n s .  S i m i l a r l y ,  su rv e y s  w hich s im p ly  e n u m e ra te  
p e t ro le u m -d e g ra d in g  m ic ro o rg an ism s  p ro v id e  u s e f u l  b u t  I n d i r e c t  
I n f o rm a t io n  on t h e  a c t i v i t i e s  o f  th e s e  m ic ro o rg a n ism s .
W orkers have th u s  a t te m p te d  to  d e te rm in e  r a t e s  and  p a t t e r n s  o f  
p e tro leu m  d e g r a d a t io n  by b a c t e r i a  and o th e r  m ic ro o rg a n ism s  b y  
s im u la t in g  f i e l d  c o n d i t i o n s  to  a s s e s s  th e  " d e g r a d s t i v e  p o t e n t i a l "  o f  
an  a r e a .  In  g e n e r a l ,  b a tc h  c u l t u r e  e x p e r im en ts  w i th  a  s e a w a te r  
medium in  c lo s e d  f l a s k s  r e c e i v i n g  an  Inoculum and b e in g  I n c u b a te d  
f o r  a p e r io d  o f  tim e p re d o m in a te .  D e s p i te  t h e  l i m i t a t i o n s  I n h e r e n t  
In  b a tc h  c u l t u r e  e x p e r im e n t s ,  few i n v e s t i g a t o r s  have used  a  c o n t in u o u s  
d i l u t i o n  o r  c o n t in u o u s  c u l t u r e  e x p e r im e n ta l  d e s ig n .  H o st  have  used 
mixed o r  p u re  en rich m en t c u l t u r e s  w h ile  a few have used  n a t u r a l l y  
o c c u r r in g  p o p u la t i o n s .  Some w orkers  have used  pure h y d ro c a rb o n s  o r 
h yd ro ca rb o n  m ix tu re a  and some have used v a r i o u s  c ru d e  o i l s  (T a b le  1 ) ,  
P a t t e r n s  and r a t e s  o f  d e g r a d a t io n  have been  d e te rm in e d  by g r a v im e t r y ,  
g a s - l i q u i d  ch rom atog raphy , oxygen consum ption , carbon  d io x id e  e v o lu ­
t i o n  from r a d i o  l a b e l  le d  s u b s t r a t e s ,  and o c c a s i o n a l l y  gas  c h ro m a to ­
graphy/rases  s p e c t ro m e try  (Table  1 ) .  S e v e ra l  Im p o r ta n t  f i n d i n g s  have 
r e s u l t e d  from th e  above s t u d i e s .  Among them a r e  1) t h e  need f o r  
In o r g a n ic  n u t r i e n t  amendment f o r  enhanced p e tro le u m  d e g r a d a t io n *  2 ) 
lo w e r in g  o f  d e g r a d a t io n  r a t e s  a t  low te m p e ra tu re s  and 3} r e l a t i v e l y  
r a p id  d e g r a d a t io n  o f  n - a lk a n e s  when compared t o  o th e r  h y d ro c a rb o n s  

































. 8  .o  g
3  ss S
N rt
. 8  
a s s
rt JN JN b O
^  * 
b  u  u
O  O  tj3
t?o
K J ,
O b u  o
*d
a








H  H  K H  H  H  H  H
0 0 * 0 0 0 0 0
u  u O  CJ (J  O  CJ
(-H ■PM 1—1 r—1 H■H ■H tH ■H ■H *H
Q O o o O a
+ 4 • V- . .






O na 3fMO d u o rM
UJ Efl Tl <c n
-H U H H H r t H H H H  M
O U * * 0 0 0 0 0 0 * X
U fb
r ]  U  ■ k I • •  » u  u
M X U O U O O Q H X
(f l O  O  • -rt cm M -Q flfl
3  tn m v  «
p=i <u g  u  co w
=1 *.  S  - *
(J p k i  i  *lj * * * *  ■





TJ *0 CJ £U CJS m bjo o o












91 V  HJ HJ 
O  O  C l  o  i—I i—I O 1—3 O U U








a i 41 03 41 4J 41 OJ 01 o O d  9> HJ
CD n n a « rt a m HJ rH rd 4J n M




H 0d OH ¥ ¥
o
u V o u u o <J O  <J o t-3
trt
Oh. O •-H rH * 3
■O rn r - r - r -
iy . ffl tf'i
rH rH 1—1 rH rH rH
p£rn N M fn rn m n fO m  ^ -<r 5 *4 -d1 tn m kin tn dm inh> r-b r - r-. h- h . t - r s h . r-b. r - I-- r-H r-. r - N f-. r - h - r - r^ r-,
01 Ol m 0^ 9i CTr CTi ■m ON 01 9 i 0^ * a v A A





O  ■ • HI1m i-I H Q flj »Pm Id
5 5■U +J 
b  b
M  <J ■<) 4M
«  I I ,  03 t*  t£
xal
l l  B  v l  k  CO Cfl (f)O rt % j j£  a s









bOrd  A-l 3
1m
b* fllH  j  i  
d  M  d
ml«  <#
41 AM 
U  4J 
<e b  fl c) w 
tH  j £  1m O K  JS b  sU t4 JS







Q , H 4 I Q I l l D d B  E «  e  44 i4 pJ4 U d
_  _■ , _  - u  H  d  H  r l  r l  U H  m j ^  n  —i
b  <S AJ *J -H 4  4  4  Q rf  - H   U O  - 3n K 4 4 U U < n O i 2 r l S l l i t i g V ) H N P i 9 3 a 4 t 9 0 h 3 9
t j  I— I p—IO d d  
H  CJ 43
. " * 3.5- * ^ 0 34  u  U *s
A* K >4 4  
4J 4► e b b  co n  a  u ol <u ^  d  -2 i







































3 3 3 3 3 3 8 8 3 8 3 3 8 ^ 3
a  3  
8  8 8 S  3  8
o
rH k  H  r l  H  H  M K M <-l i-H<-j i-Hi-J *i-»
O X C Q O C i M E i l Q Q J C S f U C i t l j O O M O O W O  *J
I- tJ 1 » t 4 P » t I U CJ i   * 1 < lu
U B E O U U d . f t U U E S ^ y ^ U U M f c O l l j U  g  rt
oCSI» TJV05
TJ O  O  O  O  - n T J O O O O O O O - U O - H  E* rt
U U I I 4 I  H I N I ^ M U U V l i  N N n N M N N U  M O  i-l U f t  A #
E P N ( A i » A A n ! n S i i < n i f l t i i n H P c i i i i t i i i A X M  «s o  K  n  5 j




' B T S f l T J ' O U ' O ' C ' S ' f l ' O ' n ' l )  O f l  O T J ’O ' O T Jt o i v i v v v t l  Ui j cUt yWi HUi THEi t yf l J ' U rt C B i a n f f i d n t a q n c a a d n u a u w A n m  m B o o o o  O o o  q o q q Q Q ■ Q L fr o 5  J? Q
r H r H  I—( r - l  r H  r H  r H  r H  H H i H r l H iH r l * H O F H H H H Q




pfi 4  U
I A  i J ^
TJLH VO t£ J 4•a XD j 4*t f i
u
4 t£> r-. r ~ r s t - CO 00
G
u
f r .  f - . r - r - l-T. r - r-* r* rv r - K fV fv r- r - . r-. h-- <4
CJX 9 % f fv a t a t a t Q t a t O t ax O n a x a x a i a x a x a x a x a x a t a t
pH  pH  pH pH pH pH H p H ■pH p H p H p H pH p H • H p H iH i H pH CO
S
rt rt n d r l  Hrt rt
4J 4J U 
9  t l  V  V U<U inU U VJ M V
s s
H r - l  J P^  o rt q rt y 4 -1o rt v
4 -1  U  4 -4  |H  r t q t l t i i U p q u i t  rt 5*
|H |H |H JH |H Ml







d « bj » q
<H rH Hfl  o 4  
rt Mt <M
- 1 3
5 5 5 sr < o «
Ip  U  r H










































































































1*. o  X  m ca
U ’H 
n  >h r  3 <u o 
tx  Ij x  ^  u 
«-l *4-1 tt
r-i -rt O O
i f  O H  O









U H V O ^  Tl U M ^ O U - H O  4  4)
( j  I t  H  t J  M.  d X n t h  >  m  R  R,  >t-i d -h Q o Q n J O O X i j 3 t D « a S l m - H
Cl Hi B £  b  bO
I I I I £  S s°  5 « u u e & « ^
 ■ 7 f I ! A
o o o a r i o u  i o i  i £3 > .. i i3s» ■ T • bT"brf
S*"  §8830gSiisiisg
8A lth o u g h  l i t t l e  work h a s  been  done on b a c t e r i a l  s u c c e s s i o n  
d u r in g  p e tro le u m  d e g r a d a t i o n  ( P r i t c h a r d  and S t a r r *  1975 % A t l a s  e t  a l * ,  
1976 and W alker and C o lw e l l ,  197 7 ) ,  r e s e a r c h e r s  have  I d e n t i f i e d  
m ic ro o rg an ism s  I s o l a t e d  from s o i l  (S to n e  e t  a l .  , 1942 j J o n e s  and 
E d ln g to n ,  1968 and C u n d a l l  and T r a x le r *  1973)* e a t u a r l n a  s e d im e n t  
(Eyrom e t  a l . ,  1970 and Walker and  C o lw e l l ,  1 9 7 6 a ) ,  e s t u a r l n e  w a t e r  
(P o lyakova , 1962 and W alker and C o lw ell*  1 9 7 3 ) ,  o c e a n i c  s e d im e n t  
(C u n d a l l  and T r a x l e r ,  1973; S charuz  e t  a l . ,  1973; M a l k i n a - P h i l i p s  
end S te w a r t ,  1974; W alker e t  a l . ,  1976 and A u s t i n  e t  a l ,  , 1977) and 
o c e a n ic  w a te r  (Z oB ell e t  a l . ,  1943 ; M ironov , 1970 and  L e P e t l t  e t  a l , ,  
1975) w hich were in v o lv e d  in  p e t ro le u m  d e g r a d a t i o n .
T h i s  d i s s e r t a t i o n  r e s e a r c h  was u n d e r ta k e n  t o  a s s e s s  t h e  i n f l u e n c e  
o f  s e a s o n  ( t e m p e r a tu r e ) ,  in o r g a n ic  n u t r i e n t  l e v e l ,  and Inocu lum  s o u r c e  
(w a te r  maee) on t h e  d e g r a d a t io n  o f  a  S o u th  L o u i s i a n a  C rude  O i l  (SLCO) 
by n a t u r a l l y  o c c u r r in g  b a c t e r i a l  p o p u l a t i o n s  o f  t h e  MAOCS. T h i s  was 
acco m p lish ed  by u e ln g  packed  and c a p i l l a r y  g a s  c h ro m a to g ra p h y  an d  
mass a p e c t r o n e t r l c  a n a l y s e s  o f  o i l  r e s i d u e s  from  c l o s e d  f l a s k  an d  
c o n t in u o u s  d i l u t i o n  e x p e r im e n t s .  A d d i t i o n a l l y ,  b a c t e r i a l  s u c c e s s i o n  
d u r in g  t h e  c o u rs e  of d e g r a d a t i o n ,  t h e  e f f e c t s  o f  low  l e v e l s  o f  
p e tro le u m  On b a c t e r i a l  p o p u la t io n s *  and  th e  e f f e c t s  o f  n u t r i e n t s  and 
t e m p e ra tu re  on d e g r a d a t i o n  o f  v a r i o u s  c o n c e n t r a t i o n s  o f  p e t r o le u m  
were s t u d i e d .
MATERIALS AND METHODS
S t a t i o n s  and Sampling
B a c t e r i a l  p o p u la t io n s  used  f o r  th e s e  s t u d l e e  were c o n ta in e d  i n  
w a te r  sam ples t a k e n  a t  s t a t i o n s  a lo n g  an Bast-W est t r a n s e c t  o f f  th e  
c o a s t  o f  New J e r s e y .  They were d e s i g n a t e d  a s  C l ,  D l t N3, E3, F2, and 
J l  (F ig u re  1 ) .  Water sam ples w ere  ta k e n  a t  a d e p th  o f  one  (1 ) m e te r ,  
d u r in g  each  of t h e  fo u r  (4) b i o l o g i c a l  sea so n s  f o r  two (2) y e a r s ,  
u s in g  N is k ln  s t e r i l e  bag s a m p le r s .  P r e c a u t io n s  were t a k e n  to  p r e v e n t  
c o n ta m in a t io n  by d is c h a rg e  from  t h e  v e s s e l .  Water sam ples  were 
Im m ed ia te ly  p ro c e s s e d  f o r  e n u m e ra t io n  and a l l  d e g r a d a t io n  e x p e r im e n ts  
were begun on sh ip b o a rd  >
Enum eration  of B a c t e r i a
I n i t i a l l y  and a t  su b se q u e n t  I n c u b a t io n  I n t e r v a l s ,  p o p u l a t i o n s  o f  
t o t a l  h e t e r a t r o p h i c  (HET) and p e t ro le u m -d e g ra d in g  (HC) b a c t e r i a  w ere  
enum era ted . A t h r e e  tube most p ro b a b le  number (MFN) te c h n iq u e  (Lewin, 
1974) f o r  HET b a c t e r i a ,  u s in g  a  medium (HM) m o d if ie d  a f t e r  Z o B e i l 'a  
2216E (Z o B e ll ,  1946) to  reduce  I n o r g a n ic  p r e c i p i t a t e  f o r m a t io n ,  was 
employed. This  medium c o n s i s t e d  o f  1 .0  g p e p to n e ,  0 ,5  g y e a s t  
e x t r a c t ,  0 , 0 1  g f e r r i c  c i t r a t e  and  0 . 1  g sodium g l y c e r o l  p h o sp h a te  
d i s s o lv e d  In 1000 ml o f  aged s e a w a te r  ( f i n a l  pH 7 ,9  a f t e r  s t e r i l i z a ­
t i o n ) .  HC b a c t e r i a  were en u m era ted  by G u n k e l 's  (1968) t h r e e  tu b e  MPN 
te c h n iq u e  em ploying a minimal s a l t s  e n r ic h e d  s e a w a te r  (ESWB) c o n ta in in g
1 , 0  g ammonium s u l f a t e  ((HH^)^SO^) and 0 , 1  g p o ta ss iu m  p h o sp h a te
9






(KjHPO^) In  1 0 0 0  n l  aged s e a w a t e r , F o l lo w in g  I n o c u l a t i o n ,  t h i s  
medium had a p p ro x im a te ly  1#Q5E s t e r i l e  unw eathered  SLCO added a s  a 
c a rb o n  and e n e rg y  s o u r c e * The SLCO was s t e r i l i z e d  by f i l t r a t i o n  
th ro u g h  a 0 .4  pm p o ly c a rb o n a te  membrane (N u c le p o re  C o r p o r a t io n ,  
P l e a s a n t o n ,  C a* ) . 411 media w ere a u to e la v e d  a t  121°C f o r  15 m in u te s .
HM tu b e s  were in c u b a te d  a t  20-22°C f o r  two weeks and examined a t  
w eekly  I n t e r v a l s ,  ESWB p lu s  p e tro leu m  tu b e s  were i n c u b a t e d  a t  s i m i l a r  
t e m p e ra tu re s  on a r o t a r y  s h a k e r  p la t fo rm  (140 RPM) f o r  one month and 
examined a t  b l -w e a k ly  i n t e r v a l s .  HM tu b e s  were s c o re d  p o s i t i v e  when 
t u r b i d ,  ESWB p l u s  pe tro leum  tu b e s  were s c o re d  p o s i t i v e  when t u r b i d  o r  
I f  th e  o i l  showed obvloua s ig n s  o f  d e g r a d a t io n  a s s o c i a t e d  w i th  c e l l  
d e b r i s  o r  a c o m b in a t io n  o f  b o th ,  MFN v a lu e s  were c a l c u l a t e d  u s in g  
s t a n d a r d  t a b l e s  (A7HA, 1975).
C losed  F la s k  P e tro leu m  D e g ra d a t io n  E xperim en ts
Except f o r  in c u b a t io n  te m p e ra tu re  e x p e r im e n ta l  c o n d i t i o n s  f o r  
e ach  s t a t i o n  sampled w c t e  t h e  same. S e ts  o f  s t e r i l e  f l a s k s  (250 ml 
E rianm eyer)  r e c e iv e d  th e  fo l lo w in g  t r e a t m e n t s ;
1. S t e r i l e  C o n tro l -  100 ml s t e r i l e  s e a w a te r  p l u s  100 111 s t e r i l e  
unw eathered  SLCO.
2. I n o c u l a t e d  -  100 ml s e a w a te r  p lu s  100 p i  s t e r i l e  unw eathered  
SLCO.
3. E n r ich ed  ~ 100 ml s e a w a te r  p lu s  100 p i  s t e r i l e  unw eathered  
SLCO p lu s  1 .0  ml o f  a  n u t r i e n t  s o l u t i o n  c o n ta i n in g  1 .0  g /1  
( m y 2 SO^ and 0 . 1  g / 1  l^HPO^.
4. O i l - F r e e  C o n tro l  -  100 ml s e a w a te r ,  no o i l .
12
F la s k * y l o o s e l y  co v ered  w ith  aluminum f o i l  and c a p s ,  were In c u b a te d  
on a  r o t a r y  s h a k e r  p l a t f o r m  ( 1 1 0  RPM) a t  a v e ra g e  s e a s o n a l  s e a w a te r  
t e m p e r a t u r e s .  At s e l e c t e d  I n t e r v a l s ,  random ly chosen  f l a s k s  from o i l  
f r e e  c o n t r o l ,  I n o c u la t e d  and e n r ic h e d  s e t a  were enum erated  f o r  HET 
and HC b a c t e r i a .  A f t e r  en u m era tio n ,  In o c u la te d ,  e n r i c h e d ,  and s t e r i l e  
c o n t r o l  f l a s k s  were " p ic k le d "  w i th  10  ml m e thy lene  c h l o r i d e  f o r  su b se ­
q u e n t  a n a l y s i s  o f  th e  r e s i d u a l  pe tro leum  (s e e  be low ).
A f t e r  i n c u b a t i o n  and MPN c a l c u l a t i o n s ,  HM and ESWE tu b e s  (3-5 
t u b e s )  from th e  h ig h e s t  p o s i t i v e  d i l u t i o n s  were s t r e a k e d  o n to  HM a g a r  
p l a t e s .  P u re  c u l t u r e s  I s o l a t e d  from dominant co lony  ty p e s  were 
i d e n t i f i e d  to  g en u s  ( s e e  b e low ),
C lo sed  f l a s k  e x p e r im en ts  were a l s o  perform ed  t o  e v a l u a t e  th e  
e f f e c t s  o f  v a r y in g  c o n c e n t r a t i o n s  o f  o i l ,  in o r g a n ic  n u t r i e n t s  and 
I n c u b a t i o n  te m p e r a tu r e  on th e  l e v e l s  o f  HET and HC b a c t e r i a  and t h e i r  
a b i l i t y  to  d e g ra d e  p e t ro le u m . The format f o r  t h e s e  e x p e r im e n ts  was 
s i m i l a r  f o r  a l l  s e a s o n s .  One hundred (100) ml a l i q u o t s  o f  s u r f a c e  
w a te r  (1 m) from a s e l e c t e d  s t a t i o n  were d i s p e n s e d  I n to  s t e r i l e  250 ml 
E r le im teyer  f l a s k s .  F la s k s  re c e iv e d  v a ry in g  c o n c e n t r a t io n s  o f  o i l  
r a n g in g  front 0.0013! to  D,1Z (V /V), Each c o n c e n t r a t io n  o f  o i l  was 
added t o  f l a s k s  w i th  and w ith o u t  v a ry in g  amounts o f  In o r g a n ic  n u t r i e n t  
amendment. A p p r o p r i a t e  s t e r i l e  and o i l  f r e e  c o n t r o l s  were in c lu d e d .  
F l a s k s  were I n c u b a te d ,  a s  d e sc r ib e d  above, and h a rv e s te d  a t  s e l e c t e d  
i n t e r v a l s  f o r  e n u m era t io n  of HET and HC b a c t e r i a , At th e  end o f  th e  
i n c u b a t i o n  p e r i o d ,  a l l  f l a s k s  w i th  o i l  w ere  " p ic k le d "  w i th  10  ml o f  
m e th y le n e  c h l o r i d e  and t h e  r e s i d u a l  o i l  was a n a ly z e d .
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C o n tin u o u s  D i l u t i o n  P e tro le u m  D e g r a d a t io n  E x p e r im en t■
I n i t i a l  t r e a t m e n t  c o n d i t i o n s  v e r a  a s  f o l l o w s  vising s t e r i l e  500 ml 
E r len m ey e r  f l a s k s s
1. S t e r i l e  C o n t r o l  -  50 ml s t e r i l e  s e a w a t e r  p lu s  s t e r i l e  
u n w e a th e re d  SLCO (0 ,0 5 *  -  O .IX , V /V ).
2 .  I n o c u l a t e d  -  50 ml " a m b ie n t"  s e a w a te r  p l u s  s t e r i l e  
u n w ea th e re d  SLCO <0 .05?  -  O.ISt, V /V ) .
3. O i l - F r e e  C o n t r o l  -  50 ml "am b ien t"  s e a w a t e r  and  no o i l .
A f t e r  t h e  i n i t i a l  I n o c u l a t i o n , f l a s k s  w ere  In c u b a ted  i n  a  Lab-
L in e  O rb i t  E n v i ro n -S h a k e r  18 (L ab -L in e  I n s t r u m e n t s ,  I n c , )  a t  100 RPM 
and a v e ra g e  am bien t s e a w a te r  t e m p e r a t u r e s  ( F ig u r e  2 ) ,  D u r in g  th e  
i n c u b a t i o n  p e r i o d , f l a s k  c o n t e n t s  were d i l u t e d  by a d d i t i o n a l  s e a w a te r  
a t  t h e  r a t e  o f  1 m l / h r .  S e a w a te r  was pumped u s i n g  a  m u l t i c h a n n e l  
p e r i s t a l t i c  pump (D esaga , Brinkm an I n s t r u m e n t s )  from r e s e r v o i r s  (one 
s t e r i l e  and one n o t  s t e r i l e ) .  F r e s h l y  c o l l e c t e d  s e a w a te r  was added t o  
t h e  r e s e r v o i r s  a t  a p p r o p r i a t e  t i m e s .  The s t e r i l e  r e s e r v o i r  c o n ta in e d  
s e a w a te r  t r e a t e d  w i t h  f o r m a l i n  ( f i n a l  c o n c e n t r a t i o n  of 5%).  At 
v a r i o u s  t im e s ,  f l a s k s  were h a r v e s t e d  and HET an d  HC b a c t e r i a  enum er­
a t e d .  I s o l a t e s  were  o b t a in e d  from t h e s e  h a r v e s t s  f o r  taxonom ic  
e v a l u a t i o n .  A s t e r i l e  c o n t r o l  and i n o c u l a t e d  f l a s k  were " p i c k l e d " 
a f t e r  e n u m e ra t io n  f o r  r e s i d u a l  o i l  a n a l y s i s .
A n a ly s i s  o f  R e s id u a l  P e tro leu m
E x t r a c t i o n  P ro c e d u re
" P ic k l e d "  f l a s k s  w ere  a c i d i f i e d  (pH 3 -4 )  w i t h  c o n c e n t r a t e d  
h y d r o c h l o r i c  a c id  (HC1) and e x t r a c t e d  wi t h  two ( 2)  25 ml p o r t i o n s  o f  
m e th y le n e  c h l o r i d e .  O rg a n ic  s o l v e n t  p h a se s  from  th e  two e x t r a c t i o n s
F ig u re  2 . A sch e m a tic  d raw in g  a f  th e  p r o t o - t y p e  "open"  o r  c o n t in u o u s  






















w are  combined and  washed w i th  50 ml o f  a c i d i f i e d  (pH 4 )  d i s t i l l e d  
w a te r  c o n t a i n i n g  3 . OX ( v /v )  sodium c h l o r i d e  fN aC l).  A f t e r  phase  
s e p a r a t i o n ,  t h e  o r g a n ic  s o l v e n t  phase  was d r i e d  by p a s s a g e  th ro u g h  a  
f i l t e r  c o n t a i n i n g  anhydrous  sodium s u l f a t e  (NSjSO^) a n d  c o l l e c t e d  In  
a  c l e a n ,  s o l v e n t  washed, p ro -w e ig h ed  p e a r  sh ap ed  f l a s k .  S o lv en t  was 
t h e n  removed by a s p i r a t i o n  a t  40°C u s in g  a McLeod gauge  to  d e t e c t  
i n s t a n t a n e o u s  s o l v e n t  rem o v a l and th e  e x t r a c t e d  r e s i d u e  was w eighed  and 
d i s s o l v e d  i n  1 ml o f  h e x a n e .
F r a c t i o n a t i o n  P r o c e d u re
E x t r a c t e d  r e s i d u e s  weTe f r a c t i o n a t e d  by column chrom atog raphy  
(V. S ta n o u d i s ,  p e r s o n a l  co m m u n ic a t io n ) .  C la s s  co lu m n s , (1 cm d i a m e t e r )  
w ere  packed  t o  a  h e i g h t  o f  1 7 .5  cm w i th  a c t i v a t e d  ( h e a te d  a t  235°C 
f o r  16 h o u r s )  S i l i c a  G el G (60-200 m esh, Sigma C hem ical Co. ,  S t .
L o u ie ,  Mb.) and washed w i th  fo u r  (4) 10 ml p o r t i o n s  o f  hexane. Each
sam p le  ( In  1 m l) waa th e n  p la c e d  on a  column and e l u t e d  w ith  2 0  ml o f  
h e x a n e  f o r  f r a c t i o n  c o l l e c t i o n .  The f l r e t  5 ml f r a c t i o n  was d i s c a r d e d  
a n d  t h e  n e x t  16 ml o f  h e x a n e ,  th e  H2 f r a c t i o n ,  c o n t a i n i n g  s a t u r a t e s ,
was s av e d .  Columns were th e n  e l u t e d  w i th  30 ml o f  a  h e x an e /b en zen e
( 6 0 /4 0 ,  v / v )  m ix tu r e  and a  f r a c t i o n  c o n t a i n i n g  a r o m a t ic  h y d ro ca rb o n s  
( d e s ig n a te d  H/B) was c o l l e c t e d .  F r a c t i o n s  were d i s s o l v e d  in  s m a l l  
vo lum es o f  h ex an e  and B to red  a t  -4°C f o r  su b se q u e n t  a n a l y s i s .
Gas Chromatography^ *nd Mass S p e c tro m e try
Gas c h ro m a to g ra p h ic  a n a l y s i s  o f  H2 f r a c t i o n s  from  th e  f i r s t  
y e a r 1® sam ples  was p e rfo rm ed  u s in g  a  T ra c o r  560 Gas C hrom atograph 
e q u ip p ed  w i th  d u a l  f lam e I o n i z a t i o n  d e t e c t o r s .  One m i c r o l i t e r  
s am p les  w ere I n j e c t e d  on column (6  f t  x 4 mm ID g l a s s  columns pack ed
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w ith  IX 0 V- 1  on chrom osorb HP, 60 /100  m eah )u s in g  an I n i t i a l  h o ld  f o r  
3 m in u tes  a t  70°C fa l lo w e d  by a programmed te m p e ra tu re  i n c r e a s e  t o  
3D0°C a t  B°C/m lnute  w ith  a  f i n a l  h o ld  a t  300°C fo r  13 m in u te s .
I n j e c t o r  and d e t e c t o r  t e m p e r a tu r e a  w ere s e t  a t  200°C and 325°C , 
r e s p e c t i v e l y .  C a r r i e r  g a s  (N; ) flow was a d ju s t e d  to  30 ml /m in u te .  
Chromatograms w ere  e v a lu a t e d  f o r  d e g r a d a t io n  r e f l e c t e d  a s  a  lo e s  o f  
s p e c i f i c  norm al a lk an e a  ~ n ^ 25  ^n£^u s ^v e )> I d e n t i f i c a t i o n  o f
n -a lk a n e a  was made fay co m p ar iso n  w i th  r e n d i t i o n  t im es of a u t h e n t i c  s t a n ­
d a r d s .  Changes i n  peak h e i g h t  were e x p re s s e d  a s  th e  r a t i o  o f  each  
n -a lk a n e  t o  t h e  n a t u r a l l y  o c c u r r in g  i s o p r e n o ld  h y d ro ca rb o n , p r l s t a n e  
(2 , 6 , 10, 1 4 - t e t r a m e t h y l p e n t a d e c a n e ) . Use o f  t h i s  compound a s  an 
i n t e r n a l  s t a n d a r d  d u r in g  b a c t e r i a l  d e g r a d a t io n  o f  n - a lk a n e s  h a s  been 
d em o n stra ted  ( K a to r ,  1 9 7 2 ) ,  Peak  h e ig h t s  w ere  measured t o  t h e  
s h o u ld e r  o f  e ach  n -a lk a n e  a t  t h e  u n re s o lv e d  b a s e l i n e  In  a c o n s i s t e n t  
manner a s  d e s c r i b e d  by McNair and  B o n e l l l  (1 9 6 8 ) .  A c o n s e r v a t iv e  
e s t i m a te  of t h e  a b s o lu t e  amount of p r l s t a n e  p e r  u n i t  w e igh t o f  crude  
o i l  was d e te rm in e d  (Appendix A) by s ta n d a rd  a d d i t i o n  (McNair end 
B o n e l l l ,  1 9 6 8 ) .  Losses In  In o c u la te d  and e n r i c h e d  e x p e r im e n ta l  f l a s k s  
w ere  compered t o  s t e r i l e  c o n t r o l s  to  a d j u s t  f o r  s u b s t r a t e  e v a p o r a t i o n .
During t h e  second sam p lin g  y e a r ,  H2 f r a c t i o n s  were a n a ly z e d  
u s in g  a T ra c o r  560 gas  ch rom atog raph  equ ipped  w i th  a flam e I o n i z a t i o n  
d e t e c t o r  end Grob c a p i l l a r y  i n j e c t i o n  sy s te m . Samples ( 2 - 2 ,5  h i )  
were I n j e c t e d  w i th  th e  s p l i t  c lo s e d  and th e  oven te m p e ra tu re  a t  45aC, 
A f t e r  50 s e c o n d s ,  th e  s p i l t  was opened and t h e  oven te m p e ra tu re  
p ro g r a m e d  t o  2A0°C a t  4°/min w i th  a  f i n a l  h o ld  a t  240°C of 10 m in u te s .  
G la s s  c a p i l l a r y  columns (20 m X 0 .3 3  mm ID) co a te d  w ith  SE52 were
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u s e d .  I n j e c t o r  and  d e t e c t o r  t e m p e r a t u r e s  were s e t  a t  240°C and 325°C, 
r e s p e c t i v e l y .  C a r r i e r  g a s  (He) f low  th ro u g h  th e  column was 2-3 m l/  
m i n u t e .  C hrom atogram s w ere  e v a l u a t e d  f o r  d e g r a d a t io n  and A -alkanes 
w e re  i d e n t i f i e d  a s  d e s c r i b e d  above* P e a k  a r e a s  w ere measured by 
e l e c t r o n i c  i n t e g r a t i o n  and l o s s e s , b a se d  on changes  In  n -a lk a n e  peak 
a r e a ,  were  e s t i m a t e d  a s  d e s c r i b e d  - b o v e ,  On th e  b a s i s  o f  complete 
w o rk -u p  o f  r e p l i c a t e  b l a n k s  and c o n t r o l s , n - a lk a n e  eunm atlon  lo s s e s  
s m a l l e r  t h a n  1 QX o f  s t e r i l e  c o n t r o l s  w ere  c o n s id e re d  n o t  s i g n i f i c a n t .
H/B f r a c t i o n s  w ere  a n a ly z e d  by g ae  chrom atography  a s  d e sc r ib e d  
f o r  H2 f r a c t i o n s  from  t h e  sec o n d  y e a r .  A d d i t i o n a l l y ,  s e l e c te d  H/B 
f r a c t i o n s  w ere  an a  l y r e  d by GC/MS u s in g  a  21-492-B mass sp e c tro m e te r  
(D uPon t)  w i th  a  21-094B d a t a  sy s tem  I n t e r f a c e d  to  a V a r ta n ,  Model 
2 7 4 0 ,  gas  c h ro m a to g ra p h  m o d i f i e d  f o r  w a l l  c o a te d  g l a s s  c a p i l l a r i e s .  
A f t e r  sam p le  i n j e c t i o n  and  p a s s a g e  o f  t h e  s o lv e n t  f r o n t ,  th e  mass 
s p e c t r o m e t e r  was o p e r a t e d  i n  a  c o n t in u o u s  scan  mode, c o v e r in g  m asses 
r a n g i n g  fro m  M/e ■ 30 to  M/e > 500 a t  1 s e c o n d /d e ca d e  w i th  r e s o l u t i o n
3
R ^  10 . G la s s  c a p i l l a r y  co lum ns (20 m X 0 .3 2  tm ID) c o a te d  w ith  
S £-52  w ere  u sed  f o r  s e p a r a t i o n .  E f f l u e n t  from th e  GC column was 
t r a n s f e r r e d  d i r e c t l y  i n t o  t h e  MS s o u r c e  v i a  a  0 .12  mm ID p la tinum  
c a p i l l a r y ,  h e a te d  t o  250°C . E v a c u a t io n  o f  th e  g l a s s  c a p i l l a r y  was 
p r e v e n t e d  by  em p lo y in g  a  H enneberg  ty p e  i n t e r f a c e .  A 70 eV e le c t r o n  
beam was u sed  t o  g e n e r a t e  t h e  f rag m e n ts  ob se rv ed  i n  th e  mass s p e c t r a .  
D a te  w ere  s t o r e d  on  m a g n e t ic  d i s c s  f o r  f u t u r e  a n a l y s i s .  Compounds 
w e re  I d e n t i f i e d  by r e l a t i v e  r e t e n t i o n  t im e  ( B l e r l  e t  a l . ,  1978 and 
Lee e t  a l . , 1979) and m ass  s p e c t r a  and  in  a  few c a s e s  by mass
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s p e c t ru m  a lo d e .  H ass ch rom atogram s o f  s p e c i f i c  me see  a were g e n e r a te d  
and p e a k s  which c o r re sp o n d e d  to  p e a k s  In  r e c o n s t r u c t e d  gas  ch ro m ato ­
g ram s w ere a n a ly z e d  f o r  t h e i r  m ass s p e c t r a ,  A s e m i - q u a n t i t a t i v e  
a n a l y s i s  of d e g r a d a t i o n  o f  s e l e c t e d  a ro m a t ic  compounds was p e rfo rm ed  „ 
R a t i o s  o f  peak h e i g h t  above th e  u n r e s o lv e d  b a s e l i n e  t o  th e  h e i g h t  o f  
th e  en v e lo p e  above t h e  b a s e l i n e  w e re  d e te rm in e d  f o r  s e l e c t e d  compounds 
( P r i t c h a r d  and S t a r r » 197 5 ).  V a lu e s  f o r  t r e a t e d  f l a s k s  were s u b ­
t r a c t e d  from th o s e  f o r  s t e r i l e  c o n t r o l s  and d i f f e r e n c e s  g r e a t e r  th a n  
p r o c e d u r a l  e r r o r s  w ere  assumed t o  be  due  to  b a c t e r i a l  d e g r a d a t i o n .
Only p e a k s  whose h e i g h t s  were 10 mm o r  more above  th e  u n re s o lv e d  
e n v e lo p e  were used  in  t h i s  a n a l y s i s .
Taxonomic E v a lu a t io n  o f  B a c t e r i a l  I s o l a t e s
I s o l a t e s  were  o b ta in e d  from I n i t i a l  w a te r  sam ples  and su b se q u e n t  
h a r v e s t s  u s in g  t h e  h i g h e s t  p o s i t i v e  d i l u t i o n s  o f  HM and ESWB MFN 
t u b e s .  Three t o  f i v e  tu b e s  were s t r e a k e d  on HM a g a r  p l a t e s ,  
N u m e r ic a l ly  dom inant I s o l a t e s  w ere  c h o s e n ,  s u b c u l t u r e d  to  i n s u r e  
p u r i t y  and p la c e d  on HM a g a r  s l a n t s .
I s o l a t e s  f o r  taxonom ic  e v a l u a t i o n  w ere  f r e s h l y  s t r e a k e d  on HM 
a g a r  p l a t e s  t o  d e s c r i b e  co lony c h a r a c t e r i s t i c s  and check  v i a b i l i t y .  
Wet m ounts  of lo g  p h ase  HM b ro th  c u l t u r e s  ( u s u a l l y  24 h o u rs  o ld )  were 
exam ined  by phase  c o n t r a s t  m ic ro sco p y  f o r  m o t i l i t y  and c e l l  s i z e ,  
s h a p e  and  a r r a n g e m e n t . Gram s t a i n  r e a c t i o n  was perform ed  u s in g  th e  
m o d i f i c a t i o n  o f  H ucker (thicker and Conn, 1 9 2 3 ) .  K ovacs ' o x id a se  
t e s t  (Kovacs, 1936) was done on 24 o r  48 hou r HM a g a r  s l a n t s  o r  
p l a t e  c u l t u r e s .  I s o l a t e s  were t e s t e d  f o r  g lu c o s e  a s s i m i l a t i o n
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u s in g  L e i f e o n ra HOF medium ( L e i f s o n ,  1 9 6 3 ) .  G row th, gas  p r o d u c t io n ,  
a c i d ,  a l k a l i n e ,  o r  "no r e a c t io n " *  i n  c lo s e d  and open t u b e s ,  were 
r e c o rd e d  a t  L, 7* and 14 day I n t e r v a l s .  C lo sed  tu b e s  w ere  s e a le d  by 
V aspar o v e r la y e r e d  w i th  s t e r i l e  p a r a f f i n  o i l .  C h l t l n a a e  a c t i v i t y  was 
d e te rm in e d  us ing  a  m o d i f i c a t i o n  o f  Hood’s  (1973) t e c h n iq u e .  A lo o p f u l  
o f  c e l l  s u sp e n s io n  was s t r e a k e d  on a c h i t i n  b l - l a y e r  p l a t e .  I s o l a t e s  
p o s i t i v e  f o r  c h l t l n a s e  e x h ib i t e d  c l e a r  z o n es  o f  h y d r o l y s i s .  A l l  
I s o l a t e s  from EDtfB p lu s  p e tro le u m  tu b e s  w ere  t e s t e d  f o r  t h e  a b i l i t y  
to  u t i l i z e  SLCO In  p u re  c u l t u r e .  A n t i b i o t i c  s e n s i t i v i t y  was d e t e r ­
mined u s in g  S e n s i -D ls c s  (BBL) f o r  I s o l a t e s  s p r e a d  on F r e s h ly  p re p a re d  
HM a g a r  p l a t e s .  C h lo ram phen ico l (30 |ig ) , Neomycin (30 Ug) * P e n i c i l l i n  
G (2 u n i t s )  and P t e r l d i n e  0/129 (^400  p g / d i s c )  were u se d .  P l a t e s  
were re a d  a t  1* 2 , and 7 day  I n t e r v a l e  f o r  I n h i b i t o r y  re s p o n se  and 
s i z e  of I n h i b i t i o n  zone . From t h e  above t e s t s ,  I s o l a t e s  were I d e n t i ­
f i e d  t o  genua u s in g  a scheme m o d i f ie d  a f t e r  Shewan (1963) (F ig u re  3 ) .
C h e m lc a l -F h v s ic a l  F a r  ante t a r s
R e lev a n t  c h em ica l  and p h y s i c a l  d a ta  were o b ta in e d  from  a p p r o p r ia t e  
benchmark r e p o r t s  (VIMS, 1977, 1 9 7 8 ) .
ReagentB
B enzene, h ex an e ,  and m e th y le n e  c h l o r i d e  u sed  In  th e  e x t r a c t i o n  
and f r a c t i o n a t i o n  p ro c e d u re s  were " d i s t i l l e d  in  g l a s s "  from B urdick  
and J a c k so n  L a b o r a to r i e s ,  In c .*  Muskegon, M l. C a r r i e r  and o th e r  
g a se s  u sed  in  gas ch rom atography  w ere  from Union C arb id e  C o rp . ,  L inde  
D iv i s io n ,  New York, N .Y .,  and o f  t h e  h i g h e s t  p u r i t y  a v a i l a b l e .  A ll  
i n o r g a n ic  ch em ica ls  were a n a l y t i c a l  g rade  and were p u rch ased  from 
J .T .  Baker Chem ical C o . ,  T h l l l l p s b u r g ,  N .J .  P e p to n e  and y e a s t  e x t r a c t  
were from  D ifco  L a b o r a to r ie s *  D e t r o i t ,  Ml,
F i g u r e  3 . D e t e r m i n a t i v e  Scheme f o r  t h e  I d e n t i f i c a t i o n  o f  M ajo r  Genera 
o f  G ram -N eg a tiv e  M arine  B a c t e r i a  ( a f t e r  Shewan* 1 9 6 3 ) ,
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RESULTS
Hydrodynamics and T h y  l e a l -C h e m ic a l  P a ra m e te r s  o f  S t a t i o n s
Water t r a n s e c t  s t a t i o n s  sampled were l o c a t e d  In  s h e l f  a r e a s  
c h a r a c t e r i z e d  by h ig h ly  m o b ile  w a te r  m e a s e s . D a ta  from  E x p e r im en ta l  
Ocean F r o n ta l  A n a ly se s  p re p a re d  by th e  U .S . Naval O cean o g rap h ic  
O f f i c e  (p e r s o n a l  com m unication) were  used  t o  i d e n t i f y  th e  w a te r  mass 
In  which s t a t i o n s  ware l o c a t e d  d u r in g  s a m p l in g .  S t a t i o n  C l was a lw ays 
found In  c o a s t a l  boundary  l a y e r  o r  c o a s t a l  w a te r .  A d d i t i o n a l l y ,  a 
boundary c u r r e n t*  which o r i g i n a t e d  n o r t h  o f  Long I s la n d *  N.Y.* ra n  
a long  th e  c o a s t  p a s t  New York C i ty  H a rb o r ,  th ro u g h  Cl and so u th w ard . 
This  c u r r e n t  was p o s s ib ly  a  source  o f  p e t ro le u m  c o n ta m in a te d  w a te r  
owing to  i t s  passage  th ro u g h  m ajor sh ip p in g *  f i s h i n g  and r e c r e a t i o n a l  
b o a t in g  a r e a s . Unusual h y d ro g ra p h ic  c o n d i t i o n s  were o b se rv e d  a t  Cl 
d u r in g  t h e  sunnier uf 1976 and both  w i n t e r s  (1976* 1 9 7 7 ) .  In  th e  
summer d i s s o lv e d  oxygen was d e p le t e d  and a n o x ic  c o n d i t i o n s  e x i s t e d .  
D uring th e  w in te rs *  w a te r  te m p e ra tu re s  a t  Cl were e x t r e m e ly  low 
(3.fl°C and 0 .5 °C t r e s p e c t i v e l y )  and pancake  i c e  was p r e s e n t  In  1977.
S t a t i o n s  Dl and N3 were always l o c a t e d  in  s h e l f  w a t e r .  S t a t i o n  
E3 was n e a r ly  a lw ays found in  s h e l f  w a te r  e x c e p t  d u r in g  w i n t e r  and 
sp r in g *  1977. At th e s e  tim es*  E3 was l o c a t e d  n e a r  th e  s h e l f  w a te r /  
s lo p e  w a te r  boundary and m ixing o f th e  two w a te r  m asses  was l i k e l y .  
During th e  w in t e r  of 1977 v e ry  co ld  t e m p e ra tu re s  (2 ,3 °C ) w ere  
observed  a t  D l.
21
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Y2  was l o c a t e d  i n  a  h ig h ly  m ob ile  f r o n t a l  zone u s u a l l y  a t  th e  
s h e l f  w a t e r / s l o p e  w a t e r  boundary and d epend ing  on s e a s o n ,  cou ld  be 
i n  e i t h e r  w a te r  mass. T h is  f r o n t a l  zone h a s  been c h a r a c t e r i z e d  a s  an 
a r e a  of u p w e ll ln g  b e in g  e n r ic h e d  r e l a t i v e l y  w ith  i n o r g a n ic  n u t r i e n t s  
(R u zeck l  e t  a l . ,  1977 ).
J l  was a l s o  l o c a t e d  In  a h y d r o g r a p h ie s l l y  dynamic a r e a .  Ih it lng  
th e  f e l l  and w i n t e r ,  J l  was in  s l o p e  w a te r ,  bu t d u r in g  th e  s p r in g  
and summer J l  was l o c a t e d  In  d i f f e r e n t  w a te r  m asses. In  1976, J l  was 
found In  a  to n g u e  of s h e l f  w a te r  which had moved o f f  the s h e l f .  T h is  
to n g u e  of w a te r  was c o l d e r  than  t h e  su r ro u n d in g  s lo p e  w a t e r .  In  the  
Sumter of 1977, J l  was s i t u a t e d  i n  a warm eddy of G ulf S tream  w a te r  
w h i le  in  s p r in g  of 1 9 7 7 , J l  was i n  s lo p e  w a te r .
Values o f  s e l e c t e d  c h e m ic a l - p h y s ic a l  p a ra m e te rs  a r e  p re s e n te d  in  
T ab le  2 . S u r f a c e  w a te r  t e m p e ra tu re s  g e n e r a l l y  in c r e a s e d  w ith  d i s t a n c e  
from land  w i th  th e  s t r o n g e s t  t e m p e r a tu r e  g r a d ie n t  d u r in g  th e  w in te r  
s e a s o n s .  S a l i n i t y  a l s o  in c r e a s e d  w i th  d i s t a n c e  from l a n d .  L ev e ls  of 
n i t r a t e s  and p h o s p h a te s  did no t v a ry  In  re c o g n iz a b le  p a t t e r n s  w ith  
s t a t i o n  bu t a p p e a re d  t o  be g r e a t e s t  d u r in g  th e  w i n t e r ,  1977 when 
p h y to p la n k to n  a c t i v i t y  would be e x p e c te d  to  be a t  a minimum. 
A d d i t i o n a l l y ,  e l e v a t e d  l e v e l s  o f  n u t r i e n t s  were som etim es o b serv ed  
a t  t h e  s h e l f  b re a k  s t a t i o n ,  F 2 . S lope  w a te r  a t  J l  and i n t r u s i o n s  
o f  s lo p e  w a te r  f u r t h e r  in s h o r e ,  g e n e r a l l y  e x h ib i t e d  th e  low est v a lu e s  
o f  I n o r g a n ic  n u t r i e n t s .
23
T a b le  2 .  V a lu es  o f  s e l e c t e d  c h e m ic a l - p h y s ic a l  p a ra m e te r s  from I n  s u r ­
fa c e  w a te r  sam ples c o l l e c t e d  d u r in g  1975-1977,
Temp, S a l i n i t y  NO3 PO4* DOC Log A l l
S t a t i o n  C°C) ( ° /o o )  ( y g - a t  N / l )  ( p g - a t  P/L) 0 " * / 1 ) (VR^1)
F a l l  1975
Cl 1 6 ,0 29.81 2 .1 6 0 .6 4 1 .7 1 .91
Dl 1 7 ,5 30.87 0 , 1 2 0 .5 2 1 . 1 1 . 0 1
N3 17-0 32 .39 2 .29 0 .3 2 1 . 0 - 0 .0 7
E3 1 4 .4 32 .96 1 . 1 2 0 ,3 4 0 .9 1 .79
F2 2 0 ,5 35-24 0 . 2 0 0 .0 9 1 .4 1 .44
J l 20 .7 35.44 0 .0 6 0 .1 3 1 . 0 2 . 2 2
W in te r  1976
Cl 3 ,8 31-05 0 ,3 0 0 .3 6 3 .7 3 0 .67
Dl 4 -0 31.52 0-15 0 .4 0 2 . 8 6 0 .72
N3 5 ,5 32.54 0 .0 3 0 .2 6 1 .9 5 0 .9 0
E3 7 ,1 33 .46 0 ,0 9 0 . 2 0 5 .1 8 1 .2 3
F2 9 ,3 34,75 1 .9 8 0 .2 4 2 . 0 2 0 . 0 1
J l 8 .4 34,89 0 .0 5 0 .0 4 3 .9 4 0 .76
S p r in g  1976
Cl 16 .2 32.02 1 ,55 0 .2 4 2 .1 4 - 0 .2 3
Dl 1 6 .6 32-02 1 ,6 3 0 . 1 2 3,49 - 9 .4 3
N3 1 7 ,0 32 ,20 1 .52 0 .0 4 5 .6 7 -0 .6 1
E3 1 7 .1 32 .16 0 . 2 2 0 . 1 2 2 .9 3 - 0 .4 3
F2 18-0 32 .07 0 .2 6 0 .3 6 2 .6 3 0 .0 8
J l 17-8 31 .78 0 .0 9 0 .0 4 2 . 2 2 - 0 .3 7
Sumner 1976
Cl 2 1 , 0 31.76 0 , 1 0 0 .4 0 4 .5 5 - 0 .3 7
Dl 22-3 31.56 0 .0 9 0 ,2 4 4 .2 2 - 0 . 0 1
N3 22 .3 32.19 0 .0 5 0 . 2 0 2 .5 6 -0 .8 5
E3 2 1 . 1 31 .10 0 .0 8 0 .1 6 4 .1 2 - 0 . 8 6
F2 2 1 . 0 33.91 0 , 1 0 0 .0 4 2 .0 6 - 0 .7 5
J l 2 0 ,5 33.93 0 . 1 0 0 .0 4 2 .4 6 - 0 .5 1
F a l l  1976
Cl 11 .5 31.76 4 ,0 1 1 . 1 2 4 .8 8 1 ,3 6
Dl 1 2 .3 32 .65 0 .5 7 0 ,7 6 1 . 0 2 -0 .3 4
N3 1 2 , 6 32 ,79 0 .27 0 .4 0 3-05 - 0 .8 0
E3 13 .1 33,05 NA NA 3 .4 3 -0 .7 7
F2 13 ,0 34 .07 0 .5 5 0 .2 6 1 .19 -0 .9 2
J l 15 .6 35.44 1.64 1 .0 8 7 .9 0 -1 .6 4
W in te r  1977
Cl 0 .5 32.51 NA NA 5 .2 3 - 1 .3 3
Dl 2 , 6 34.39 0 .8 0 0 ,2 6 3 . 2 0 NA
N3 4 ,5 34.83 4 .34 0 .5 2 4 -6 2 -0 .8 5
E3 7 ,5 35.44 7 .73 0 .5 6 4 .9 8 - 1 . 0 2
F2 9 ,6 35,44 11 .60 0 .7 6 8 . 0 0 - 1 ,4 0
J l 10 .5 34 ,83 4 .3 4 1 . 1 2 1 .9 5 - 1 . 1 1
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T able  2. (c o n t in u e d )
S ta t io n
Temp. S a l i n i t y NO 3 P0* DOC lo g  AlJ
C°c) ( ° /o o ) ft jg -a t  N / l ) (Wg-at P /1 ) (m g/1 ) ( P g / l )
1977
Cl 14 .2 31.93 0 . 2 1 NA 3 .9 0 - 1 .0 4
Dl 1 3 .5 33.23 NA 0 ,1 8 2 ,3 8 - 1 . 2 1
N3 1 4 ,3 33,39 0 . 0 2 0 . 2 2 2 .4 2 - 1 .3 4
E3 18.7 35,33 0 , 1 0 0 , 1 0 3 ,5 8 - 1 .4 4
F2 20.9 35.58 0 , 0 0 ,0 8 2 ,2 8 - 1 . 4 7
J l 2 0 ,5 36.03 0 . 0 2 0 . 0 0 1 ,8 5 - 1 .2 4
1977
Cl 2 4 .3 32.04 0.41 0 .28 3-49 NA
Dl 2 5 ,4 32.11 0 .1 8 0.04 6 ,3 7 NA
S3 2 5 .7 32.70 0.81 0 . 2 0 6 ,3 1 NA
E3 2 5 .6 32.03 0,13 0,16 6 .0 4 NA
F2 24.4 32.10 0.07 0.08 3 ,2 9 NA
J l 2 6 .6 35.56 0.81 0.32 4 ,7 0 NA
DOC: D is so lv e d  o rg a n ic  ca rb o n
A l l :  A l ip h a t i c  h y d ro ca rb o n s
NA: Data n o t  a v a i l a b l e
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Abundance and D i s t r i b u t i o n  o f  H e te r o t r o p h ic  and P e tro leu m -D eg rad in g  
B a c t e r i a
I n i t i a l  v a lu e s  f o r  v i a b l e  c o u n ts  o f  " t o t a l "  h e t e r o t r o p h i c  (HET) 
and p e t ro le u m -d e g ra d in g  (HC) b a c t e r i a  and th e  r a t i o  HC/HET a re  
summarized In  T a b le  3 and F i g u r e s  4 and 5 - V ia b le  c o u n ts  ranged  from 
3 b a c t e r i a l  u n l t s j h l  t o  1 X 10^ b a c t e r i a l  u n l t s / m l  f o r  HC b a c t e r i a  and
from  2 .5  X 10^ b a c t e r i a l  u n i t s / m l  t o  2 .0  X 10^ b a c t e r i a l  u n l t s /m l  f o r
HET b a c t e r i a .  Mean v a lu e s  o f  HC and HET b a c t e r i a  f o r  a l l  s t a t i o n s  
w ere  w i th in  one log  u n i t  o f  e a c h  o t h e r  bu t had r e l a t i v e l y  l a rg e  
s t a n d a r d  d e v i a t i o n s  due to  t h e  v a r i a t i o n  between s t a t i o n s .  S t a t i o n  Cl 
e x h i b i t e d  t h e  h i g h e s t  v i a b l e  c o u n ts  nf HC and HET b a c t e r i a  excep t f o r  
w i n t e r  1977 when HC b a c t e r i a l  l e v e l s  were d e p re s s e d .  L e v e ls  o f  HC 
b a c t e r i a  a t  Cl were o f t e n  two o r  more lo g  u n i t s  g r e a t e r  than  c o u n ts  
a t  t h e  n ex t h ig h e s t  s t a t i o n .  W hile l e v e l s  o f  HET b a c t e r i a  were n o t  so  
m arked ly  d i f f e r e n t  from season  t o  s e a s o n  a t  each  s t a t i o n ,  they  were
h i g h e s t  d u r in g  a l l  sea so n s  a t  C l .
A g e n e r a l  t r e n d  o f  d e c r e a s in g  v i a b l e  c o u n ts  o f  HC and HET b a c t e r i a  
w i th  d i s t a n c e  from s h o re  was o b s e rv e d .  O c c a s io n a l ly ,  HET l e v e l s  a t  
E3, F2 or J l  d e p a r te d  from t h i s  t r e n d  r e l a t i v e  to  th e  n e x t  In sh o re  
s t a t i o n .  S i m i l a r l y ,  S t a t i o n  F2 and t o  a  l e s s e r  degree  N3 and E3 
e x h i b i t e d  h ig h e r  c o u n ts  of HC b a c t e r i a  than  s t a t i o n s  n e x t  in sh o re  
from them. Mean v a lu e s  of HC b a c t e r i a ,  when a l l  s e a s o n s  were grouped 
t o g e t h e r ,  d e c r e a s e d  o f f s h o r e  w i th  a s l i g h t  In c re a s e  a t  F2. Mean 
v i a b l e  c o u n ts  of HET b a c t e r i a ,  f o r  a l l  s e a s o n s  g rouped , d ec rea sed  a s  
d i s t a n c e  from la n d  in c r e a s e d .  B a c t e r i a l  c o u n ts  (ex c ep t  d u r in g  w i n t e r ,  
1977) v a r i e d  I n v e r s e l y  w ith  te m p e ra tu re  w hich  g e n e r a l l y  In c re a s e d  
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Figure 4 V iab le  c o u n ts  o f  h e t e r o t r o p h l c  and p e t ro le u m -d e g ra d in g  
m arine b a c t e r i a  In  s u r f a c e  s e a w a te r  sam ples  ( 1 m) 
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Figure 5 V ia b le  c o u n ts  of h e t e r a t r o p h i c  and p e t r o l e u m - d e g r a d i n g  
m arine  b a c t e r i a  In s u r f a c e  s e a w a te r  s a m p le s  ( 1  m) 








Closed M ask Petroleum D egradation Experim ents
Closed f l a s k  p e tro leu m  d e g ra d a t io n  ex p e r im en t  a  w ere  perform ed t o  
a s s e s s  the  d e g ra d a t fv e  p o t e n t i a l  o f  b a c t e r i a l  p o p u l a t i o n s  o c c u r r in g  
a lo n g  the  t r a n s e c t .  A d d i t i o n a l l y , t h e  e f f e c t s  o f  v a r i o u s  pe tro leum  
c o n c e n t r a t i o n s  and n u t r i e n t  en r ich m en ts  on  d e g r a d a t i o n  o f  pe tro leum  
were examined. The f i r s t  s e t  of e x p e r im e n ts  e v a lu a t e d  t h e  re sp o n ses  
o f  h e t e r o t r o p h i c  and p e t ro le u m -d e g ra d in g  b a c t e r i a l  p o p u l a t i o n s  to th e  
p re sen c e  o f  S ou th  L o u is ia n a  c ru d e  o i l  u n d e r  n u t r i e n t  e n r i c h e d  and 
n o n -en r lch ed  c o n d i t io n s .  Changes In  t h e  s i z e  and c o m p o s i t io n  of 
t h e s e  p o p u la t io n s  as v e i l  a s  r a t e s  and p a t t e r n s  o f  d e g r a d a t i o n  of 
d i f f e r e n t  components of t h e  c ru d e  n i l  w ere  exam ined .
Appendices B and C summarize e n u m e ra t io n  r e s u l t s  o f  T,t o t a l fp HET 
and HC lac  t e r  l a  during 43 days  of i n c u b a t i o n .  A lth o u g h  e a c h  a t a t l o n  
had v a r ie d  i n i t i a l  v i a b le  c o u n ts  o f  HE! and HC b a c t e r i a  d i s t i n c t  
t r e n d s  were o b se rv ed . L e v e ls  o f  HET o r  HC b a c t e r i a  i n c r e a s e d  from 
i n i t i a l  v a lu e s  r e g a r d le s s  o f  season !  s t a t i o n ,  or t r e a t m e n t .  In every  
experim en t v i a b l e  coun ts  i n c r e a s e d  and th e n  reach ed  a p l a t e a u  (in  a 
s i m i l a r  m anner) v i t h  on ly  s l i g h t  v a r i a t i o n s  from s t a t i o n  t o  s t a t i o n .  
Mean v ia b le  c o u n ts  were c a l c u l a t e d  f o r  e a c h  in c u b a t io n  p e r i o d  for 
e ac h  t re a tm e n t  by s t a t i o n  and by sea so n . F ig u re  6  shows t h e  changes 
i n  pe tro leu m -d eg rad in g  b a c t e r i a  f o r  a l l  s t a t i o n s  d u r in g  e ac h  of th e  
s e a s o n s .  L e v e ls  of HC b a c t e r i a  i n  e n r i c h e d  f l a s k s  w ere a lw ays 1 to  
1 .5  lo g  u n i t s  g r e a t e r  th a n  th o s e  in  I n o c u l a t e d  or o i l - f r e e  f l a s k s  
a f t e r  s ix  d a y s  of In c u b a t io n  and rem ained  so  th ro u g h o u t  t h e  in c u b a t io n  
p e r i o d .  Maximum v a lu es  o b se rv ed  in  e n r ic h e d  f l a s k s  were g r e a t e r  th a n  
1 X 10^ /u l i n  3 o f  4 s e a s o n s .  During th e  w i n t e r ,  t h e  maximum reached
F ig u re  6 . Changes In t h e  mean v i a b l e  c o u n t  o f  p e t r o l e u m - d e g r a d in g  
(HC) b a c t e r i a  i n  c lo s e d  f l a s k s .
Symbols: N -  mean o f  KPN/ml o f  HC b a c t e r i a
■  -  O i l - f r e e  c o n t r o l  f l a s k s  
i  -  I n o c u la t e d  f l a s k s  
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In  e n r i c h e d  f ina les  van  betw een 5 X 10^/m l  and 1 X 1 0 ^ /m l;  maxima In  
I n o c u l a t e d  and o i l - f r e e  c o n t r o l  f l a s k s  w ere  about t h e  s a n e  ev ery  
s e a s o n .  Mean v i a b l e  c o u n ts  o f  HC b a c t e r i a  were e s s e n t i a l l y  e q u a l  f o r  
o i l - f r e e  c o n t r o l  and I n o c u la te d  f l a s k s  w i t h  o n ly  t r i v i a l  d i f f e r e n c e s .  
I n c r e a s e s  o b se rv ed  In  a l l  t r e a tm e n ts  w ere  very  r a p id  a n d ,  w ith  th e  
e x c e p t i o n  o f  w in t e r ,  t h e  l a r g e s t  r a t e s  o c c u r re d  d u r in g  t h e  f i r s t  
t h r e e  d a y s  o f  I n c u b a t io n .  During the  w i n t e r  a r e l a t i v e l y  c o n s ta n t  
I n c r e a s e  o c c u r re d  o v e r  t h e  f i r s t  s ix  d a y s  o f  I n c u b a t io n .
Mean v i a b l e  c o u n ts  o f  HET b a c t e r i a  fo l lo w ed  much t h e  same p a t t e r n  
(F ig u r e  7 ) .  While I n i t i a l  v i a b le  c o u n ts  o f  HET b a c t e r i a  were g r e a t e r  
and  maxima reach ed  w ere  s l i g h t l y  H ig h e r ,  HET b a c t e r i a  responded  in  
p a t t e r n s  s i m i l a r  to  t h o s e  o f  HC b a c t e r i a .  E nriched  f l a s k s  aga in  
m a in ta in e d  v i a b l e  c o u n ts  above those o f  e i t h e r  I n o c u la t e d  o r  o i l - f r e e  
c o n t r o l  f l a s k s .  D i f f e r e n c e s  between t h e  l e v e l s  o f  HET I n  In o c u la te d  
and  a l l - f r e e  c o n t r o l  f l a s k s  were more p ronounced ; I n o c u l a t e d  f l a s k s  
u s u a l l y  had h ig h e r  v i a b l e  co u n ts  than  o i l - f r e e  c o n t r o l  f l a s k s .
Means o f  HET and HC b a c t e r i a  fo r  a l l  seaso n s  a t  e a c h  s t a t i o n  a r e  
found  i n  F ig u r e s  8  and 9 .  In c re a s e s  i n  b o th  HET and HC b a c t e r i a l  
p o p u l a t i o n s  were n o ted  f o r  a l l  s t a t i o n s  r e g a r d l e s s  o f  i n i t i a l  v i a b l e  
c o u n t s .  V ia b le  c o u n ts  In c re a se d  from i n i t i a l  v a lu e s  w i th  a l l  t r e a t ­
m e n ts .  F o r  a l l  s t a t i o n s ,  mean v ia b le  c o u n t s  of HET b a c t e r i a  re a ch e d  
p l a t e a u s  be tw een  1 X 10^ /m l and 5 X 1 0 ^ /m l In  e n r ic h e d  f l a s k s  and 
be tw een  5 X lQ^/ml and 5 X lO'Vml in i n o c u l a t e d  and o i l - f r e e  c o n t r o l  
f l a s k s .  S i m i l a r l y ,  mean v i a b l e  counts  o f  HC b a c t e r i a  r e a c h e d  maxima 
o f  a v e r  I X 10^ /ml i n  e n r ic h e d  f l a s k s  and from 1 X 10^ /m l to  5 X 10^/ml 
i n  o i l - f r a e  c o n t r o l  and in o c u la te d  f l a s k s .  For a l l  s t a t i o n s ,  th e
F ig u re  7. C hanges  In  t h e  mean v i a b l e  c o u n t  o f  h e t e r o t r o p h i c  (HEX) 
b a c t e r i a  i n  c lo s e d  f l a s k s .
N -  mean MPN/ml o f  HET b a c t e r i a  
m  -  O i l - f r e e  c o n t r o l  f l a s k s  
A -  I n o c u la t e d  f l a s k s  


















F ig u r e  8 . Changed In  t h e  mean v i a b l e  c o u n t  o f  h e t e r o t r o p h i c  (HET) 
b a c t e r i a  In  c lo s e d  f l a s k s .
N -  mean MPN/ml 
■  -  O i l - f r e e  c o n t r o l  f l a s k s  
A -  I n o c u l a t e d  f l a s k s  











































F ig u re  9- Changes In  t h e  mean v i a b l e  c o u n t  o f  p e t ro le u m -d e g ra d in g  
(HC) b a c t e r i a  In  c lo s e d  f l a s k s .
H -  mean MPN/ral 
■  -  O i l - f r e e  c o n t r o l  f l a s k s  
k -  I n o c u l a t e d  f l a s k s  
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l a r g e s t  i n c r e a s e s  o f  b o th  HET end HC b a c t e r i a  w ere  o b s e rv e d  d u r in g  th e  
f i r s t  s i x  days  o f  In c u b a t io n *
V a lu es  o f  HC/HET d id  n o t  v a r y  In  c o n s i s t e n t  p a t t e r n s  o r  d i r e c t i o n .  
O f te n ,  low HC c o u n t s  would y i e l d  r e l a t i v e l y  l a r g e  r a t i o s  an d  h ig h  HC 
c o u n t s  would c o r r e s p o n d  t o  s m a l l  r a t i o s .
D u rin g  th e  second  yeaT (1976-1977) o f  t h i s  s tu d y  a n  i n t e n s i v e  
taxonom ic  a n a l y s i s  o f  I s o l a t e s  from  c lo s e d  f l a s k  p e t ro le u m  d e g r a d a t io n  
e x p e r im e n t s  was u n d e r ta k e n .  I s o l a t e s  were ta k e n  from e ac h  t r e a tm e n t  
a t  d ay  z e r o  and  su b se q u e n t  h a r v e s t  i n t e r v a l s .  Of t h e  p u r i f i e d  
I s o l a t e s  o b t a i n e d ,  65 .71  to  8 9 .9 1  from HM b r o t h  MPN tu b e s  and 52 .71  
t o  59*71 from ESWB + p e t ro le u m  KPN tu b e s  were v i a b l e  and s u b s e q u e n t ly  
i d e n t i f i e d  to  g e n u s ,  D u rin g  th e  w i n t e r ,  a  marked d e c r e a s e  In  
v i a b i l i t y  was n o t e d  fo r  i s o l a t e s  from HM KPN tu b e s  compared t o  th e  
o t h e r  s e a s o n s  (T ab le  4 ) .  T h i s  d e c r e a s e  c o u ld  be a t t r i b u t e d  t o  th e  
e x t r e m e ly  low v i a b i l i t y  o f  I s o l a t e s  from S t a t i o n s  Cl (382) and  Dl 
(4 6 2 ) .  D uring  w i n t e r  s a m p l in g ,  t e m p e ra tu re s  a t  t h e s e  s t a t i o n s  were 
v e ry  low w i th  pan cak e  Ic e  n o te d  a t  C l .  I n t e r e s t i n g l y ,  n e i t h e r  o v e r a l l  
HC KPN i s o l a t e  v i a b i l i t y  n o r  v i a b i l i t y  o f  HC KPN i s o l a t e s  s p e c i f i c a l l y  
o b ta in e d  from C l o r  Dl d i f f e r e d  d r a s t i c a l l y  from s e a s o n  t o  s e a so n  
(T ab le  4 ) .
In  g e n e r a l ,  t h e  v i a b i l i t y  o f  i s o l a t e s  from  HM MPN tu b e s  in c re a s e d  
w i th  I n c r e a s e d  d i s t a n c e  from l a n d .  An e x c e p t io n  t o  t h i s  t r e n d  was 
found w i th  i s o l a t e s  a t  S t a t i o n  E3 which e x p re s s e d  v i a b i l i t i e s  10-252 
lo w er  t h a n  NJ. I s o la te H  from  ESWB + p e tro le u m  KPN tu b e s  seemed t o  be 
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from 72% co 100% w ith  d i f f e r e n c e s  l e s s  than  10% no ted  between mean 
v i a b i l i t i e s  f o r  each s t a t i o n  o r  s e a s o n .
A summary of dominant g enera  i d e n t i f i e d  and t h e i r  p e rc e n t  compos­
i t i o n  i s  p re s e n te d  in  Appendix fl (T ab le s  Dl -  D l ) ,  I n i t i a l l y ,  d u r in g  
a l l  s e a s o n s ,  90% to  100% of the  i s o l a t e s  were from fo u r  g e n e ra ,  
Pseudomonas. A lc a l i g e n e s . V i b r i o , and F la v o b a c te r iu m , D uring f a l l ,  
w i n t e r ,  and Sumner, Aeromanas made up t h e  rem ainder o f  i s o l a t e s  from 
ESWB + p e tro leu m  tubes  w h ile  A c in e to b a c te r  ( f a l l  and summer) and 
Aeroiponas (w in te r )  were i s o l a t e d  from HM tu b e s .  R e g a rd le s s  of t r e a t ­
ment, a p a t t e r n  was n o te d  fo r  changes in  p e rc e n t  c o m p o s i t io n  of 
dominant g e n e ra .  In HM tu b e s ,  a f t e r  40 days  o f  i n c u b a t io n ,  90-100% 
of I s o l a t e s  were Pseudomonas, A lc a l l f le n e s  and F lay n b a c te r iu m  w ith  
b e t t e r  than  60% be ing  Pseudomonas and A lc a l l g e n e s . V ib r io  was 
i s o l a t e d  a t  46 days o n ly  from en rich ed  f l a s k s  d u r in g  s p r in g  1977 
(Table  D l in  Appendix D ) , In g e n e r a l .  V ib r io  d is a p p e a re d  from HM MPN 
tu b e s  a s  a dominant genua a f t e r  s ix  d a y s .  A s i m i l a r  p a t t e r n  was 
observed  in  ESWB + pe tro leum  MPN tu b es  from which V ib r io  was i s o l a t e d  
s l i g h t l y  more f r e q u e n t ly  a f t e r  46 days ( w i n t e r - o i l  f r e e  c o n t to l  and 
In o c u la te d  f l a s k s  and s p r in g -e n r ic h e d  f l a s k s ) .  However, a f t e r  46 days 
f o r  a l l  t r e a tm e n t s ,  IS-IOOX of the  i s o l a t e s  were Pseudomonas, 
A lc a l lg e n e a  and F la y o b a c te r lu m . In a d d i t i o n  to  the  above g en e ra ,  
gram + ro d s  ( u n i d e n t i f i e d )  and A c ln e to b a c te r  were i s o l a t e d  from 
In o c u la te d  and en rich ed  f l a s k s  during  t h e  f a l l .  The a d d i t i o n  of 
p e tro leu m  ( in o c u la te d  f l a s k s )  o r  p e tro leu m  p lu s  In o rg a n ic  n u t r i e n t s  
(e n r ic h e d  f l a s k s )  did n o t  appear to  a p p r e c i a b ly  change th e  p e rc e n t  
c o m p o s i t io n  of dominant g e n s ra  whan compared t o  o i l - f r e e  c o n t r o l
39
f l a a k e .  The p e r c e n t a g e  o f  Pseudomonas i n c r e a s e d  i n  e l l  f l e e k s  a v e r  
t h e  I n c u b a t i o n  p e r io d .  Sometimes t h e  p e r c e n ta g e  o f  Pseudom onas from 
e n r i c h e d  f l a s k s  was h i g h e r  than t h e  p e r c e n ta g e  from  o t h e r  t r e a t m e n t s ,  
e s p e c i a l l y  d u r in g  F a l l ,  w in te r  and s p r i n g  bu t no c o n s i s t e n t  p a t t e r n  
was n o t e d .
I s o l a t e s  from ESWB + p e tro leu m  t u b e s  w ere  t e s t e d  f o r  t h e  a b i l i t y  
I n  p u r e  c u l t u r e  to  u s e  SLCO as  t h e  s o l a  added  c a rb o n  and e n e r g y  s o u r c e .  
Pseudom onas e x h i b i t e d  t h e  h ig h e s t  p e r c e n t a g e  (391) o f  I s o l a t e s  a b l e  
t o  u s e  SLCO I n  pure  c u l t u r e  (Table 5 )  w h i l e  o th e r  g e n e r a  had low er 
p e r c e n t a g e s  o f  c o n f i r m a t io n .  On a t r e a t m e n t  b a s i s ,  when a l l  s e a so n s  
w ere  c o n s id e r e d  t h e r e  was v i r t u a l l y  no d i f f e r e n c e  In  t h e  p e r c e n t a g e  
c o n f i r m in g  For growth o f SLCO. However, e x c lu d in g  t h e  summer, which 
had 50X c o n f i r m a t io n  o f  I s o l a t e s  from  o i l - f r e e  f l a s k s ,  t h e  p e r c e n ta g e  
c o t» f I rm a tIo n  o f  I s o l a t e s  From e n r ic h e d  f l a s k s  was c o n s i s t e n t l y  h ig h e r .  
S t a t i o n  Cl e x h ib i t e d  t h e  h ig h e s t  p e r c e n t  c o n f i r m a t i o n  (4 2 .5 1 )  o f  a l l  
s t a t i o n s  d e s p i t e  a low co n f irm in g  p e r c e n t a g e  d u r in g  t h e  f a l l .  A naly­
s i s  on  a  d a l l y  b a s i s  was n o t  p o s s i b l e  b e c a u s e  o f  t h e  l i m i t e d  number 
o f  I s o l a t e s  a v a i l a b l e  f o r  each day from  e a c h  s t a t i o n  a n d / o r  t r e a t m e n t .  
A d d i t i o n a l  a n a l y s i s ,  w h ich  examined t h e  s o u rc e  o f  c o n f i rm e d  p e t ro le u m -  
d e g r s d e r s  in  p u re  c u l t u r e  u s in g  SLCO, r e v e a l e d  t h a t  74. IX o f th o s e  
t e s t i n g  p o s i t i v e  were Pseudomonas, 35. 3X were from e n r i c h e d  f l a s k s  
a n d  t h e  h i g h e s t  p e r c e n ta g e s  o f  c o n f i rm e d  HC b a c t e r i a  w e re  from Cl and 
E3 (T a b le  6 ) .
Ha S u i t s  from en u m era t io n  and taxonom y su g g e s te d  t h a t  b a c t e r i a l  
p o p u l a t i o n s  i n  e n r ic h e d  f l a s k s  were u n d e rg o in g  ch an g e s  In  r e s p o n s e  t o  
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I n d i c a t e d  i n c r e a s e d  l e v e l s  o f  th e s e  b a c t e r i a  v a r a  b e in g  m a in ta in e d  in  
e n r i c h e d  f l a s k s .  The dominance ( in  e n r i c h e d  f l a s k s )  o f  Pseudomonas 
a t  s e v e r a l  t im e s  d u r in g  I n c u b a t i o n ,  P seu d o m o n as 'a  a b i l i t y  to  d e g ra d e  
SLCO In  p u r e  c u l t u r e  and th e  h ig h e r  p e r c e n ta g e  o f  c o n f i rm e d  p e t ro le u m -  
d e g r a d e r e  from e n r ic h e d  f l a s k s  i n d i c a t e d  a r e s p o n s e  o f  t h e  o r i g i n a l  
b a c t e r i a l  p o p u l a t i o n  to  SLCO u n d e r  n u t r i e n t  e n r ic h e d  c o n d i t i o n s ,  
A n a l y s i s  o f  r e s i d u a l  p e tro le u m  in  e n r i c h e d  f l a s k s  a t  v a r i o u s  days o f  
I n c u b a t i o n  r e v e a l e d  l o s s e s  i n  b o th  t h e  a l i p h a t i c  and a r o m a t i c  f r a c ­
t i o n s  o f  SLCO. More s p e c i f i c a l l y ,  n - a l k a n e s  d i s a p p e a r e d  t o  some 
e x t e n t  from  n e a r l y  a l l  e n r l c h a d  f l a s k s .  N a p h th a le n e  and  s u b s t i t u t e d  
n a p h t h a l e n e s  d i s a p p e a r e d  in  I n o c u la t e d  a s  w e l l  a s  e n r i c h e d  f l a s k s .  
O c c a s i o n a l l y ,  a l l  t h e  n - a lk a n e e  and l s o p r e n o i d s  were d e g ra d e d  in  
e n r i c h e d  f l a s k s  and  e x t e n s i v e  l o s s e s  o f  a r o m a t ic a  su ch  a s  b ip h e n y l  
an d  p h e n a n th r e n e  were o b s e rv e d .
A ppend ix  E (T ab le s  El -  E8 ) p r e s e n t s  t h e  summation v a l u e s  of 
n - a l k a n e  ~ rtC2 ^  weJ-Bhta and p e r c e n t a g e  lo s s  com pared  to
a t e  r i l e  c o n t r o l s .  R e g a rd le s s  o f  sea so n  ( I . e . ,  I n c u b a t io n  t e m p e r a tu r e )  
a n d  s t a t i o n , l o s s  o f  n - a lk a n e s  under  e n r i c h e d  c o n d i t i o n s  was r e c o r d e d .  
O nly  tw ic e  was t h e  s i g n i f i c a n t  lo s s  ( l o s s  o f  101 o r m ore) n o t  seen  
( S u m e r  1976 -  J1  and S p r in g  1977 -  D l ) .  S i g n i f i c a n t  l o s s  o f  n -  
a l k a n e s  In  I n o c u la t e d  f l a s k s  was r a r e .  Of t h e  few t im e s  t h i s  was 
o b s e r v e d  ( F a l l  1975 -  E3; Sumner 1976 -  C l ,  N3 and F a l l  1976 -  Dl) 
s i g n i f i c a n t  l o s s  o c c u r red  a t  o n ly  one i n c u b a t i o n  I n t e r v a l .
V a lu es  o f  t h e  summation w e ig h ts  o f  -  nC25 f>rdce£*u r a *
c o n t r o l s  ru n  on packed and c a p i l l a r y  co lum ns were c o m p a ra b le  (see  
A p p en d ix  F ) . Some d i f f e r e n c e s  were n o te d  f o r  s p e c i f i c  compounds.
4J
Value* f o r  t h e  amount* (yg) of and «C]^ d i f f e r e d  by more th e n  th e
s ta n d a rd  d e v i a t i o n  f o r  each  ty p e  o f  column (Appendix F ,  F ig u r e  F l )  „ 
D i f f e r e n c e s  In  n C ^  were p robab ly  th e  r e s u l t  o f  a  l a r g e  I  e r r o r  
a s s o c i a t e d  w i th  t h e  c a p i l l a r y  column v a lu e s  caused  by I n t e g r a t o r  
e r r o r  a n d /o r  d i f f e r e n t i a l  e v a p o r a t io n  o f  nC^Q In  t h i s  s e t  o f  p ro c e d u ra l  
c o n t r o l s .  D i f f e r e n c e s  In v a lu e s  were due to  t h e  I n a b i l i t y  o f
th e  packed column a to  s e p a r a te  nC^g atl(  ^ a n o th e r  compound, p re su m ab ly  
an l s o p r e n o i d ,  which were s e p a r a te d  by th e  c a p i l l a r y  column. R ep re ­
s e n t a t i v e  chrom atogram s o f  H2 f r a c t i o n s  run on packed and c a p i l l a r y  
columns a r e  shown i n  Appendix F, F ig u r e  F2.
D uring 1975-1976 th e  amount o f  d e g r a d a t io n  ob se rv ed  f o r  e a c h  
sea so n  was s u b s t a n t i a l l y  g r e a t e r  chan d e g ra d a t io n  d u r in g  1976-1977 . 
Maximum am ounts o f  d e g ra d a t io n  o f t e n  reach ed  100J (T ab le  7) In  
e n r ic h e d  f l a s k s  d u r in g  th e  f i r s t  y e a r  w h ile  d u r in g  th e  second  y e a r  
1 0 0 1  d e g r a d a t io n  o f  n -a lk a n e a  f o C ^ -  was n e v e r  o b s e r v e d .
Samples ta k e n  d u r in g  th e  f a l l  B essons  o f  bo th  y e a r s  e x h i b i t e d  th e  
h ig h e s t  d e g r a d a t l v e  c a p a b i l i t i e s ,  Sumner sam ples (1976 and 1 9 7 7 ) ,  
In c u b a ted  a t  warmer te m p e ra tu re s ,  d id  n o t y i e l d  maximum mean v a l u e s  
of d e g r a d a t io n  com parab le  to  t h a t  o f  F a l l  1976 a l th o u g h  th e  sam p les  
were in c u b a te d  a t  ap p ro x im a te ly  t h e  same te m p e ra tu re .  S i m i l a r l y ,
Spring  and F a l l  1977 sam ples had lo w er  amounts o f  d e g r a d a t io n  chan 
Spring  1976 sam p les  even though a l l  sam ples  were in c u b a te d  a t  15°C, 
W inter 1977 s a m p le s ,  in c u b a ted  a t  5°C, had th e  l e a s t  amount o f  
d e g r a d a t io n ;  W in te r  1976 sam ples ( I n c u b a t io n  te m p e r a tu r e  -  S°C) had 
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D if f e r e n c e *  among th e  s t a t io n *  in  term* o f  maximum amount* o f  
n - a l k a n e s  l o s t  a r e  r e v e a le d  In Table 7. S t a t i o n  Cl g e n e r a l l y  e x h i b i t e d  
th e  h i g h e s t  amount o f  d e g ra d a t io n  w h i le  J l  p o s se s s e d  th e  lo w e s t .  
D i s r e g a r d in g  th e  anom alous Spring  1977 r e s u l t s  f o r  S t a t i o n  D l ,  mean 
maximum amounts o f  n - a lk a n e  d e g ra d a t io n  f e l l  i n t o  t h r e e  b road  ra n g e s :  
75X + ( C l ) ,  65-701 (DL, N3, E3, F2), and Leas th a n  55* ( J l ) . The 
l o c a t i o n s  o f  s t a t i o n s  w i th in  th e se  ranges  co rre sp o n d ed  to  th e  t h r e e  
w a te r  m asses  p r e v i o u s l y  d e sc r ib e d  and g e n e r a l l y  observed  fo r  th e  
s t a t i o n s  sam pled: C o a s ta l  o r  C o as ta l  Boundary (C l) ,  S h e l f  (D l, M3,
£3 and  F2) and S lo p e  ( J l ) .  Although w a te r  m asses  p r e s e n t  a t  S t a t i o n s  
F2 and J l  v a r i e d ,  t h e s e  s t a t i o n s  were most o f t e n  c h a r a c t e r i s e d  a s  
d e s c r i b e d .
D e s p i te  v a r i a t i o n  due to  season and s t a t i o n  l o c a t i o n ,  t r e n d s  In 
t h e  p a t t e r n s  and r a t e s  of d e g ra d a t io n  of s e l e c t e d  compounds i n  th e  
a l i p h a t i c  f r a c t i o n  were e v id e n t .  The d is a p p e a ra n c e  of n -a llcan es  was 
o b s e rv e d  b e fo re  d is a p p e a ra n c e  of any ia o p re n o ld s  and o n ly  under 
n u t r i e n t  e n r ic h e d  c o n d i t i o n s .  R e p re s e n ta t iv e  chrom atogram s in  
F ig u r e s  10 to  13 a f f i r m  t h i s  o b s e rv a t io n ,  F ig u re  10 i s  an H2 F r a c t io n  
o f  SLCQ n o t  s u b je c te d  to  exp er im en ta l  t r e a tm e n t .  N -alltane and i s o -  
p t e n o ld  peaks  a r e  a l l  p r e s e n t .  A s ix  day s t e r i l e  c o n t r o l  (F ig u re  11A) 
i s  v e ry  s im i l a r  t o  t h e  chromatogram of th e  u n t r e a te d  sam p le * Chroma' 
to g r a n s  o f  samples from in o c u la ted  (F ig u re  11B) and e n r ic h e d  (F ig u re  
11C) f i a a k s  a re  a l s o  a f t e r  s ix  days of In c u b a t io n .  Peaks i n  t h e  in o c u la te d  
sam p le  a r e  e s s e n t i a l l y  th e  same ft* th o se  of t h e  s t e r i l e  c o n t r o l  bu t 
n - a l k a n e s  in  th e  e n r ic h e d  sample a re  s u b s t a n t i a l l y  re d u c e d .  I s o p r e -  
n o id a  a r e  s t i l l  p r e s e n t  a t  t h i s  In c u b a t io n  i n t e r v a l .  A s e r i e s  of
F ig u r e  10 . R e p r e s e n t a t i v e  chroma tog rant of unw eathered  SLCO, H2
F r a c t i o n .  N -a lk an es  a re  numbered a c c o rd in g  t o  number 
o f  c a r b o n s  In  compound, Fr ■ p t i s t a n e  and Ph ™ p h y ta n e .
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F ig u re  11 . R e p r e s e n ta t iv e  chromatograms of t h e  H2 f r a c t i o n  of South 
L o u i s ia n a  crude  o i l  a f t e r  s ix  days  o f  in c u b a t io n ,
A) S t e r i l e  c o n t r o l  f l a s l t  
R) In o c u la te d  f l a s k  
C) E nr iched  f l a s k
The numbers i d e n t i f y  n -a lk a n e s  o f  t h e  co rre sp o n d in g  
ca rb o n  ch a in  l e n g t h ,  Pr * p r l a t a n a  and Ph ■ p h y tan e .
B
48
ch rom atogram s f o r  sam ple*  from t h e  same s t a t i o n  a f t e r  48 d a y s  o f  
I n c u b a t i o n  a r e  shown In  F ig u re  1 2 .  S t e r i l e  c o n t r o l , i n o c u l a t e d  and 
e n r i c h e d  f l a s k s  a r e  d e p i c t e d  I n  F ig u r e s  124 , 12B and 12Ct r e s p e c t i v e l y .  
S t e r i l e  c o n t r o l  and I n o c u la t e d  sam ple*  were n o t s i g n i f i c a n t l y  d i f f e r e n t  
from  t h e  u n t r e a t e d  H2 f r a c t i o n .  However, under e n r i c h e d  c o n d i t i o n s ,  
n o t  o n ly  a r e  a l l  t h e  n - a l k a n e s  removed b u t  th e  a l i p h a t i c  f r a c t i o n  i s  
b a s i c a l l y  r e d u c e d  to  an  u n re s o lv e d  e n v e lo p e .  T h is  phenomenon was 
n o te d  f o r  s e v e r a l  sam p le s  d u r in g  F a l l  1975 (C l ,  D l ,  N3, and  P 2 ) ,
S p r in g  1976 (C l)  and  S u m e r  1976 ( C l ) ,  In c o n t r a s t  t o  t h e  c h ro m a to ­
gram shown in  F ig u r e  12C, d e g r a d a t i o n  o b se rv ed  a t  m o s t  s t a t i o n s  
d u r in g  t h e  f i r s t  y e a r  and a l l  s t a t i o n s  d u r in g  th e  second  y e a r  I s  
t y p i f i e d  by F ig u r e  13 . These 48 day  ch rom atog ram s, from  th e  same 
s t a t i o n  jas  F ig u r e  12 , have b e t t e r  r e s o l u t i o n  of p e a k s  b e c a u s e  
c a p i l l a r y  colum ns were u s e d .  D e g r a d a t io n  p a t t e r n s  d e s c r i b e d  above  
w ere s t i l l  o b s e r v e d ,  i . e . ,  no s i g n i f i c a n t  l o s s  from  i n o c u l a t e d  o r  
s t e r i l e  c o n t r o l s  and s u b s t a n t i a l  n - a lk a n e  l o s s  from e n r i c h e d  f l a s k s .  
Only a f t e r  a l l  t h e  n - a lk a n e a  were removed, were  l s o p r e n o i d s  a p p r e ­
c i a b l y  d e g r a d e d ,
A p a t t e r n  o f  d e g r a d a t io n  was o b se rv ed  f o r  n - a l k a n e s ;  s h o r t e r  
c h a i n s  w ere  removed b e f o r e  l o n g e r  c h a i n s .  F ig u r e s  14 t o  19 show th e  
c h an g es  i n  am ounts o f  n C ^ ,  nC2 0  and n ^25 *~n F la s k s  f o r  e ac h
s t a t i o n  and s e a s o n .  In  n e a r l y  e v e r y  c a se  l o s s  o f  n - a l k a n e s  fo l lo w e d  
t h e  p a t t e r n :  n^ i 5  b e f o r e  b e f o r e  t h o s e  I n t e r v a l s  o f
m ost r a p i d  d e g r a d a t i o n  t h e  r a t e s  o f  d e g r a d a t io n  (n g /d a y )  a l s o  had a 
p a t t e r n  o f  y  > n^25* S e a s o n a l l y ,  a  d i s t i n c t  l a g  p r i o r  t o
mAKlmum r a t e s  o f  d e g r a d a t i o n  was n o te d  w i th  w in t e r  s a m p le s .  Lower
F ig u r e  12. R e p r e s e n t a t i v e  chromatograms of H2 f r a c t io n  o f  South 
L o u i s ia n a  c rude  o i l  a f t e r  4B days o f  In c u b a t io n .
A) S t e r i l e  c o n t r o l  f l a s k  
6 ) I n o c u la te d  f l a s k  
C) E n r ich ed  f l a s k
The numbers i d e n t i f y  n -a lk an ea  o f  th e  co rre sp o n d in g  





F ig u re  13. R e p r e s e n ta t i v e  chromatogram* of HZ f r a c t i o n  of South  
L o u i s ia n a  c ru d e  o i l  a f t e r  48 days of in c u b a t io n .  
Samples run on c a p i l l a r y  columns.
A) S t e r i l e  c o n t r o l  f l a s k
B) In o c u la te d  f l a s k
C) E nriched  f l a s k
Numbers i d e n t i f y  n -a lk a n e s  w i th  co rre sp o n d in g  carbon  







F ig u r e s  14 -1 9 . Changes i n  th e  c o n t e n t  of s p e c i f i c  n - a lk a n e s  in  a
South  L o u i s ia n a  c ru d e  o i l  d u r in g  i n c u b a t io n  in
c lo s e d  f l a s k s  w ith  s e a w a te r  and e n r i c h e d  w ith  NO  ^
£
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r a t e s  o f  degradation were observed  d u r in g  the second y ear  f o r  ail 
sea so n s  compared t o  th e  f i r s t  y e a r .
K a tes  o f  d e g r a d a t io n  For th e  summation o f  n - a l k a n e s ( n C ^  -  
were  found t o  be v a r i a b l e  and n o n - l i n e a r  w ith  t im e . N -a lkane  "
nC^^) em anation l o s s e s  v e r s u s  time f o r  each  s t a t i o n  d u r in g  each  o f  th e  
s ea so n s  sampled a r e  found in  F ig u re s  20 to  22. D eg rad a tio n  g e n e r a l l y  
o c c u r re d  a t  a f a i r l y  ra p id  r a t e  In  th e  f i r s t  t h r e e  to  s i x  d a y s  o f  
in c u b a t io n  and a t  a s low er r a t e  d u r in g  the  l a t e r  s t a g e s .  However, 
d u r in g  t h e  W inter 1977 and S p r ing  1977, sam ples e x h ib i te d  a  marked lag  
b e f o r e  th e  maximum r a t e s  o f  d e g ra d a t io n  were a c h ie v e d .  K ates  jf  
d e g r a d a t io n  c a l c u l a t e d  a s  US/day f o r  each In c u b a t io n  i n t e r v a l  su p p o rted  
t h i s  o b s e r v a t io n  (Appendix C, Tables G1 -  C8 ) . Maximum r a t e s  f o r  th e  
m a jo r i ty  o f  s t a t i o n s  o c c u r red  e i t h e r  between day 0 and day 3 o r  day 3 
and day 6  ex ce p t  d u r in g  tb s  W inter and Spring  1977 (T ables 24 and  25). 
D uring  t h i s  w in te r  ( in c u b a t io n  te m p e ra tu re ,  5°C) n o t on ly  was t h e r e  a 
la g  b e fo re  d e g r a d a t io n  was e v id e n t ,  bu t the  maximum r a t e s  o b se rv ed  
were much low er (36 u g /day  -  92 ]jg/day) th an  o th e r  s ea so n s .  While 
S p r in g  1977 sam ples a l s o  e x h ib i t e d  a la g ,  r o t e s  f i n a l l y  reach ed  were 
s i m i l a r  to  chose o f  o t h e r  s ea so n s .  S e a so n a l ly ,  th e  g r e a t e s t  r a t e s  of 
d e g ra d a t io n  were observed  (x ■ 747 pg /day) d u r in g  th e  F a l l  1975.
R ates  o f  d e g ra d a t io n  were a l s o  compared by employing a D^q v a lu e .  
D..0  was d e f in e d  as  th e  days o f  in c u b a t io n  re q u i r e d  fo r  d e g r a d a t io n  of 
5031 of n - a lk a n e s  ’  ftC25^ ' ^ a ^oeB were s m a l l e s t  d u r in g
t h e  f a l l  ( f a s t e s t  d e g ra d a t io n )  and g r e a t e s t  in  w in te r  and summer 
(Table  6 ) ,  D uring F a l l s  o f  1975 and 1976, 6 o f  6 and 5 o f  6  s t a t i o n s ,  
r e s p e c t i v e l y ,  re ach ed  l e v e l s .  In W in te r ,  1976, 6 g f  6 s t a t i o n s
A
F ig u r e s  20-22 . L o sse s  of n -  a D u ties  In  c lo sed  f l a s k s  in o c u la te d  
w i th  s e a w a te r  c o l l e c t e d  d u r in g  1975-1977 and 
e n r ic h e d  w i th  In o rg a n ic  n u t r i e n t  s a l t s .
^L o ss  ■ (C n -a lk an es  s t e r i l e  c o n t r o l )  -
( jn - a lk a n e s  ^ n^25^ a o r l c ^etl f l a s k s )
v  F a l l
o  - “o W in te r
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re a ch e d  o n ly  a f t e r  ex tended  In c u b a t io n .  In  c o n t r a s t ,  W in te r ,  1977
sam ples  reach ed  a t  o n ly  1 o f  6 s t a t i o n s .  S im i la r ly ,  5 of 6 s t a ­
t i o n s  reached  D^q d u r in g  Sunnier 1976 a f t e r  In c u b a t io n  t im es  o f  2b 
days o r  more w h i le  o n ly  1 o f  6  s t a t i o n s  e x h ib i te d  D^q v a lu e s  d u r in g  
Simmer 1977. D uring  th e  S p r in g  sampling t i n e a ,  6 of 6 (1976) and 4 
o f  6  (1977) s t a t i o n s  m a n i fe s te d  v a lu e s .  On an I n d iv id u a l  s t a t i o n  
b a s i s  bo th  Cl and HI reached  le v e l s  in  7 o f  8  seasons  w h i le  JL 
re a ch e d  i n  o n ly  4 o f  8  s e a s o n s .
S e le c te d  H/B f r a c t i o n s  (c o n ta in in g  a ro m a t ic s )  were a n a ly s e d  and 
d e g r a d a t io n  o f  s e l e c t e d  compounds was m easured . A r e p r e s e n t a t i v e  
chromatogram o f  an U/B f r a c t i o n  from a p ro c e d u ra l  c o n t r o l  La shown 
in  F ig u re  21; numbered peaks in  F ig u re  23 a r e  I d e n t i f i e d  In  T ab le  9. 
S e v e ra l  of t h e s e  i d e n t i f i e d  p eak s  were chosen as  r e p r e s e n t a t i v e  
a ro m a t ic  compounds. Data p re s e n te d  in  Appendix H and F ig u re  24 show 
l o s s e s  o f  a ro m a t ic  compounds from petro leum  in cu b a ted  in  b o th  in o c u l ­
a t e d  and e n r ic h e d  f l a s k s .  Samples from C l ,  M3 and J1 were examined 
a f t e r  48 days of in c u b a t lg n .  Two t r e n d s  were observed ; 1) d u r in g  th e  
c o ld e r  w in te r  I n c u b a t io n s ,  d e g ra d a t io n  o f  s e l e c t e d  a ro m atic  compounds 
was d e c rea se d  and 2 ) th e r e  was a s e l e c t i v e  o r  p r e f e r e n t i a l  removal of 
t h e s e  a ro m a tic  compounds. These  t r e n d s  were a l s o  ev id en t  when v a lu e s  
o f  and D ^ g  were employed (Table  10). In t h i s  c a s e ,  o r 0 ^ ^  
was d e f in e d  a s  50% o r  100% I o h s  of a compound when compared to  s t e r i l e  
c o n t r o l s  a f t e r  48 days o f in c u b a t io n .  Under n o n 'e n r tc h e d  ( in o c u la te d )  
and e n r ic h e d  n u t r i e n t  c o n d i t io n s  d a ta  in d i c a t e d  a  p r e f e r e n t i a l  lo s s  
o f  c e r t a i n  a ro m a t ic  compounds and d i f f e r e n c e s  in  the  amount o f  
d e g r a d a t io n  a t  v a r io u s  s t a t i o n s .  N aphthalene was a p p a r e n t ly  th e  most
F ig u r e  23. R e p r e s e n t a t i v e  chromatogram o f  Ef/B f r a c t i o n  of 
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F ig u r e  24. P e r c e n t  l o s s  o f  s e l e c t e d  a ro m a t ic  hydrocarbons from SLCO 
In  c lo s e d  f l a s k  s t u d i e s  I n o c u la te d  w ith  seaw ater  from 
S t a t i o n  C l ,  N3, J l  a f t e r  48 days o f  in c u b a t io n .
Symbols: pk lit  -  Peak h e ig h t
F -  F a l l  
W -  W in te r  
Sp -  S pring  
Su -  Summer 
Q  -  I n o c u la t e d  f l a s k s  
-  E n r iched  f l a s k s  
* -  Peaks u n re so lv ed  
0  -  No l o s s  d e te c te d
P e r c e n t  l o s s  was c a l c u l a t e d  a s  fo l lo w s :
, pk h lV en v e lo p e  h t .  c o n t r o l  -  pk h t /e n v e lo p e .  t r e a t e d .
pk h t / e n v e lo p e  h t ,  c o n t r o l
65
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T ab le  10* Comparison o f  1 o a se s  o f  s e l e c t e d  a rom atic  compounds 
from  5LC0 i n  c lo s e d  f l a s k s  in o c u la te d  w ith  se a w a te r  
s e a s o n a l l y  sam p led  from s t a t i o n s  Cl> N3P J l .  L osses  
o f  501 and 1003! a r e  compared a f t e r  48 days o f  In cu ­
b a t i o n .
Cl  N3____________ J l
Number o f Number o f Number o f
Seasons Seasons Seasons
Compound T rea tm en t SOX 1 0 0 X 501 100X SOX 100 X
N ap h tha lene I 7 /0 5 /6 3/6 2 / 6 2 / 6 1 / 6
E a /e 6 / 8 6 / 6 5/6 5/6 5 /6
Me t  h y ln a p h th a 1ene 1 4 /8 1 / 8 1 / 8 0 / 8 2/3 0 / 8
E 8 / 0 6 / 8 5 /8 1 / 8 6 / 8 1 / 0
B ipheny l I 2 / 8 2 / 8 1 / 8 0 / 8 1 / 8 0 / 8
E e /a 0 / 8 3 /8 1 / 8 3/8 2 / 8
Dime c h y ln a p h th a 1ene I 0 / 8 0 / 8 o /a 0 / 8 0 / 8 0 / 8
E 7/8 6 / 8 3/8 0 / 8 4 /8 0 / 6
T r im e th y ln a p h th a le n e I 0 / 8 0 / 8 1 / 6 0 / 8 0 / 6 0 / 6
E 7/0 6 / 8 1 / 6 0 / 8 3/0 0 / 8
T et ra m s th y ln a p h  t  h a le n e 1 0 / 8 0 / 8 0 / 8 0 / 8 o/a o /a
E 4 /8 0 / 8 1 / 8 0 / 8 i / a o /a
P h e n a n th re n e I o /a o/a o /a 0 / 8 0 / 8 o /a
E 5/a 2 / 8 1 / 8 0 / 8 1 / 8 o /a
67
r e a d i l y  d e g r a d e d .  O ften  I t  d i s a p p e a re d  from  In o c u la te d  f l a s k s  a s  
v e i l  as from e n r ic h e d  f l e a k s  b u t  n o t  frotn a t e r l l e  c o n t r o l s .  As m e th y l  
g roup  a u b a t l t u t l o n  on t h e  n a p h th a le n e  r i n g a  In c re a se d ,  501 o r  1001 
d e g ra d a t io n  waa observed  f e v e r  t im e * .  B ipheny l and p h e n a n th re n e  were 
n o t  r e a d i l y  d eg ra d ed  In  I n o c u la t e d  o r  e n r ic h e d  f l a s k s .  S t a t i o n  Cl 
m a n ife s te d  t h e  g r e a t e s t  p o t e n t i a l  f o r  d e g r a d a t io n  o f  a ro m a t ic  com ' 
pounds u n d e r  e n r i c h e d  and n o n -e n r lc h e d  c o n d i t i o n s .  Amounts o f  
d e g ra d a t io n  f o r  sam ples  from Nl and  J l  w ere  com parable  bu t l e s s  th an  
t h a t  o b se rv ed  f o r  Cl.
Samples from  S t a t i o n  C l w ere  examined In more d e t a i l  and th e  
r e s u l t s  a r e  p r e s e n te d  In  T a b le  11 and F ig u r e  25. Under n u t r i e n t  
e n r ic h e d  c o n d i t i o n s  d u r in g  n e a r l y  e l l  s e a s o n s ,  amounts of d e g r a d a t io n  
observed  d e c r e a s e d  w ith  I n c r e a s e d  s u b s t i t u t i o n  on th e  n a p h th a le n e  
r i n g s  and I n c r e a s e d  number o f  a ro m a t ic  r i n g s  (n a p h th a len e  > 2 -id e t h y l -  
n a p h th a le n e  > t r l m e t h y l n a p h t h a l e n e  > p h e n a n th r e n e ) . D uring th e  
w i n t e r ,  l o s s e s  w ere  s m a l l e s t  f o r  a l l  a ro m a t ic  compounds exam ined. 
D uring f a l l ,  t h e  l a r g e s t  r a t e s  of d e g r a d a t io n  were seen  f o r  naph ­
th a le n e  and m e th y ln a p h th a le n e .  S p r in g ,  f a l l  and summer sam ples  
e x h ib i t e d  a b o u t  eq u a l  l o s s e s  f o r  d lm e th y ln a p h th a le n e s  and t r l m e t h y l -  
n a p h th a le n e s .  In  the  s p r i n g  and simmer, n a p h th a le n e  and m e th y l"  
n a p h th a le n e  d i s a p p e a re d  a t  com parab le  r a t e s .  The most e x te n s iv e  
l o s s e s  o f  a r o m a t ic  compounds o c c u r re d  in  summer when a l l  bu t 
p h e n an th ren e  d i s a p p e a re d  c o m p le te ly .  A r e p r e s e n t a t i v e  chrom atogram  
o f  a ro m a tic  d e g r a d a t io n  i s  shown in  F ig u r e  26, A s t e r i l e  c o n t r o l  
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F ig u r e  25. P e r c e n t  l o s e  o f  s e l e c t e d  a ro m a t ic  hyd rocarbons  from 5LC0
In  c lo s e d  f l a  sic s t u d i e s  I n o c u la t e d  w ith  s e a w a te r  taken
from S t a t i o n  C l. P e r c e n t  l o s s  was c a l c u l a t e d  a s  fo llow s
1 on f Pk h t / e n v e l o p e  h t .  c o n t r o l  -  pk h t  /e n v e lo p e  h t . 
pk h t / e n v e l o p e  h t ,  c o n t r o l
Sym bols: o------- “ — o  N ap h th a len e
 a 2 -m e th y ln a p h th s le n e
Ai & a  d im e th y l t ia p h th a le n e
a t r lm e th y ln a p h th a le n e
x ,  x p h e n a n th re n e
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F ig u r e  2 b . R e p r e s e n t a t i v e  ch ro m ato g ram s o f  H/B f r a c t i o n  o f  S o u th  
L o u i s i a n a  c ru d e  o i l  a f t e r  days  o f  in c u b a t io n .
A) S t e r i l e  c o n t r o l  f l a s k




the  u n t r e a t e d  H/B p r o c e d u r a l  c o n t r o l  ( F ig u r e  2 3 ) ,  Under e n r ic h ed  
c o n d i t io n *  a t  t h e  dame s t a t i o n  (F ig u re  26B) th e  l o s s e s  a r e  o b v io u s .
L o sse s  o f  n - a lk a n e s  and a ro m a t ic  compounds were examined f o r  
ev idence  o f  p r e f e r e n t i a l  d e g r a d a t io n  o f  e i t h e r  f r a c t i o n .  The compounds 
d is a p p e a re d  c o n c o m i ta n t ly  w i th  n e i t h e r  f r a c t i o n  b e in g  removed p re ­
f e r e n t i a l l y  (F ig u re  2 7 ) .
E x p e r im en ts  to  examine t h e  r e s p o n s e s  o f  b a c t e r i a l  p o p u la t io n s  to  
v a r io u s  p e t ro le u m  c o n c e n t r a t i o n s  and I n o r g a n ic  n u t r i e n t  amendments 
r e v e a le d  u s e f u l  in fo r m a t io n .  R e s u l t s  o f  HEX and HC en u m era t io n s  and 
v a lu e s  of HC/HBT a p p ea r  In A ppendices  I an d  J .  In g e n e r a l t fo r  a 
g iven  n u t r i e n t  l e v e l ,  v i a b l e  c o u n ts  of HET and HC b a c t e r i a  In c re a se d  
w ith  in c r e a s e d  c o n c e n t r a t i o n s  o f  SLCO. At a l l  n u t r i e n t  l e v e l s  th e  
HC/HET r a t i o  was m a in ta in ed  a t  h ig h e r  v a l u e s  in  o i l  t r e a t e d  th an  o i l  
f r e e  f l a s k s .  V ia b le  co u n ts  o f  HET and EC g e n e r a l l y  In c re a s e d  w ith  
in c re a s e d  n u t r i e n t  en rich m en t In  f l a s k s  t r e a t e d  w i th  o i l .
R e s u l t s  o f  gas c h ro m a to g ra p h ic  a n a l y s e s  o f  th e  r e s i d u a l  p e tro leu m  
a f t e r  48 d a y s  of In c u b a t io n  a r e  p r e s e n te d  In  T ab le  12. The e f f e c t s  o f  
in o rg a n ic  n u t r i e n t  en rich m en t w ere  c l e a r l y  e v i d e n t .  At 0 ,1 3  SLCU 
( 1 0 0  ij 1 / 1  m l ) ,  amount l o s t  i n c r e a s e d  w i th  i n c r e a s e d  amounts o f  
in o rg a n ic  n u t r i e n t  amendment. T h is  i n c r e a s e  was n o te d  f o r  a l l  s e a s o n s , 
even though  th e  amount o f  d e g r a d a t io n  v a r i e d  a c c o rd in g  to  s e a s o n .  The 
same t r e n d  was no ted  f o r  0 .0 5 2  SLCO (50 p l / 1  m l) .  At bo th  a f o r e ­
m entioned o i l  c o n c e n t r a t i o n s  no s i g n i f i c a n t  d e g ra d a t io n  was observed  
under n o n -e n r ic h e d  ( I n o c u la t e d )  c o n d i t i o n s .  At 0 .013  and 0.0011 
c o n c e n t r a t i o n s  ( 1 0  u l /n t l  and 1 t i l /ra l  r e s p e c t i v e l y ) ,  1003 d e g r a d a t io n  
was ob se rv ed  f o r  a l l  Levels  o f  n u t r i e n t  amendment. S i g n i f i c a n t
F igu re  27. Losses o f  u - p a r a f f l n s  and s e l e c t e d  a ro m a t ic  compounds from 
c lo se d  f l a s k s  In o c u la te d  w ith  s e a w a te r  from a t a t i o n  C l.
Symbols; •— ------ a  n - a lk a n e s
o---------- o a ro m a t ic a
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d e g r a d a t i o n  wag a l s o  m easu red  (5 o f  6 t im e s )  w i th o u t  a d d i t i o n s  o f  
I n o r g a n ic  n u t r i e n t s .  A lth o u g h  l o s s  (an  p e r c e n t a g e )  was s i g n i f i c a n t  
a t  SLCO c o n e a n t r a t I o n a  o f  0 ,0 0 1 *  and 0 ,0 1 1 ,  t h e  a b s o l u t e  am ounts 
o f  SLCO d e g ra d ed  w ere  200 p g /4 S  days  o r  l e a s  w i th o u t  n u t r i e n t  amend­
ment.
F e t ro le m n  D e g r a d a t io n  i n  C o n t in u o u s  D i l u t i o n  System
E n u m era t io n s  o f  HET and HC b a c t e r i a  a r e  p r e s e n te d  i n  F ig u r e  26 
and A ppendix  EC. D e s p i t e  th e  c o n t in u o u s  a d d i t i o n  o f  f r e s h l y  c o l l e c t e d  
s e a w a te r  from a v a r i e t y  o f  s u r f a c e  w a te r  s t a t i o n s  and t h e r e f o r e  
b a c t e r i a l  p o p u l a t i o n s ,  t r e n d s  In  v i a b l e  c o u n t s  were  d e m o n s t r a t e d .  
V ia b le  c o u n ts  o f  HEX and HC b a c t e r i a  I n c r e a s e d  above i n i t i a l  v a lu e s  
In  o i l - f r e e  and o i l - t r e a t e d  f l a s k s .  A f t e r  t h i s  I n c r e a s e ,  v i a b l e  
c o u n ts  o f  HC w ere  g e n e r a l l y  lo w er  in  o i l - f r e e  f l a s k s  a t  t e r m i n a t i o n  
o f  i n c u b a t i o n .  O v e r a l l ,  HET and HC b a c t e r i a l  c o u n t s  te n d ed  t o  be 
lo w er  i n  t h e  w i n t e r  when t h e  i n c u b a t i o n  t e m p e r a t u r e  was 5°C. V ia b le  
c o u n t s  o f  HfiT b a c t e r i a  u s u a l l y  rem a in ed  e l e v a t e d  in  b o th  o i l - f r e e  and 
o i l - t r e a t e d  f l a s k s .
A n a ly s i s  o f  r e s i d u a l  p e t ro le u m  a t  t e r m i n a t i o n  o f  t h e  e x p e r im e n ts  
r e v e a l e d  no s i g n i f i c a n t  d e g r a d a t i o n  o f  n - s l k a n e s .  R a t io s  o f  
n C ^ j / p r i a t a n e ,  n C jg /p h y ta u e  and n C j^ /e n v e lo p e  i n  t r e a t e d  f l a s k s  were 
n o t  s i g n i f i c a n t l y  d i f f e r e n t  from  th o s e  o f  a t e r i l e  c o n t r o l s  (T ab le  1 3 ) .  
The a ro m a t ic  f r a c t i o n s  were n o t  a n a ly z e d .
F ig u r e  28. Changes In  v i a b l e  c o u n ts  o f  h e t e r o t r o p h i c  and p e tro le u m - 
d e g r a d in g  m arine  b a c t e r i a  i n  "open"  o r  c o n tin u o u s  
d i l u t i o n  p e tro le u m  d e g r a d a t io n  e x p e r im en ta .
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T ab le  13 . Changes i n  t h e  r a t i o  a t  v a r i o u s  conpounds and X l o s s  when
coupored  to  s t e r i l e  c o n t r o l s  a f t e r  I n c u b a t i o n  i n  c o n t in u o u s  
d i l u t i o n  e x p e r im e n ta .
n - 1 7 / P r i a t a n e  n -1 8 /P h y ta n e  n -2 0 /E n v a lo p e
F a l l  1976
3 Day C o n t r o l .71 1 .3 2 3 .87
In o c . .6 9 ( 1 .4 ) 1 .2 7 ( 3 .8 ) 3 .99 ( 0 .0 )
6 Day C o n t r o l ,7 2 1 ,2 8 3 .40
In o c . .7 0 ( 2 . 8 ) 1 .2 6 ( 1 *6 ) 3 .60 ( 0 , 0 )
9 Day C o n t r o l ,72 1 ,27 3 .80
In o c . 0 ,6 7 ( 6 ,9 ) 1 .27 ( 0 . 0 ) 3 ,40 (1 0 .5 )
12 Day C o n t ro l 0 ,6 9 1 .3 0 4 .2 0
I n o c . 0 .7 1 (0 .0 ) 1 .2 8 (1*5) 3.87 ( 7 ,9 )
W in te r  1977
3 Day C o n t ro l .69 1 .27 3 ,60
In o c . .6 9 (0 , 0 ) 1 . 2 2 ( 3 .9 ) 4 .30 ( 0 , 0 )
6 Day C o n t ro l ,6 9 1 . 2 B 4 .2 0
In o c , .67 ( 3 .0 ) 1 .2 6 ( 1 . 6 ) 4 .4 0 ( 0 . 0 )
9 Day C o n t ro l 0 .6 9 1 .2 6 4 .3 0
I n o c . 0 .6 2 (1 0 . 0 ) 1 ,1 8 ( 6 ,3 ) 4. 30 ( 0 . 0 )
14 Day C o n tro l 0 ,6 7 1 ,27 4 .5 0
I n o c . 0 .6 4 ( 4 .5 ) 1 . 2 2 ( 3 ,9 ) 3 .70 (1 7 ,8 )
S p r in g  1977
3 Day C o n t r o l .69 1 .24 4 .2 0
In o c . .64 ( 7 . 2 ) 1 .18 ( 4 .8 ) 4 .12 ( 1 ,9 )
6  Day C o n t ro l .72 1 .2 4 4 .2 0
In o c . ,6 3 ( 1 2 .5 ) 1 .23 ( 0 . 8 ) 4 .29 ( 0 , 0 )
12 Day C o n t ro l .69 1 .2 9 4 ,1 7
In o c . .6 1 ( 1 1 , 6 ) 1 . 2 0 ( 7 .0 ) 3 .83 ( 8 , 2 )
18 Day C o n t ro l .7 1 1 .2 9 4 .4 3
I n o c . ,72 ( 0 , 0 ) 1 ,2 6 ( 2 .3 ) 4 .2 4 (4 .3 )
Sumner 1977
3 Day C o n t ro l ,7 0 1 .3 0 4 .14
I n o c . .65 ( 7 ,1 ) L, 26 ( 3 ,1 ) 4 .44 ( 0 . 0 )
6 Day C o n t ro l .62 1 ,2 3 4 .0 6
Inoc  > .6 3 (0 . 0 ) 1 ,16 ( 5 .7 ) 3,92 ( 3 ,4 )
9 Day C o n t ro l .72 1 .25 4 .3 3
I n o c . .61 ( 1 5 .5 ) 1 . 1 1 ( 1 1 . 2 ) 4 .02 ( 7 .2 )
12 Day C o n t ro l ,67 1 .27 4 ,02
In o c . .59 ( 1 1 .9 ) 1 .09 ( 1 4 .2 ) 3 .89 (3 .2 )
DISCUSSION
The u s e  o f  num bers o f  p a t ro le u m -d e g ra d in g  b a c t e r i a  (P o ly ak o v a , 
1962; M ironov , 1970; A t l a s  and B ar t  h a ,  1973c; Walker and C o lw e l l ,  1973; 
H u l k i n a - P h i l l i p s  and S te w a rd ,  1974; Gppenheimer e t  a l ,  1977 and 
R o u b a l  and  A t l a s ,  1977) o r  t h e  r a t i o  o f  p e t ro le u m -d e g ra d in g  to  " t o t a l "  
h e t e r o t r o p h i c  b a c t e r i a  {Walker and C o lw e l l ,  1976b) has been  proponed 
a s  an  I n d i c a t o r  o f  t h e  p r e s e n c e  o f  p e t ro le u m  o r  r e l a t e d  p ro d u c ts  in  
m a r in e  e n v i ro n m e n ts .  R e s u l t s  from c l o s e d - f l a s k  and s im u la te d  "open" 
sy s te m  e x p e r im e n t s  p e r fo rm ed  d u r in g  t h i s  s tu d y  in d ic a t e d  t h a t  a l th o u g h  
v a l u e s  o f  t h e  r a t i o  g e n e r a l l y  in c r e a s e d  w i th  p e tro leu m  a d d i t i o n ,  th e  
v a l u e s  d i d  n o t  a lw ays  c h an g e  in  t h e  d i r e c t i o n s  p r e d i c t e d .  Thus, i t  
was n o t  u n u s u a l  t o  o b s e rv e  sam p les  e x h i b i t i n g  low v ia b le  c o u n ts  of 
b o th  HC and HET b a c t e r i a  p o s s e s s i n g  r a t i o s  o f  h ig h e r  va lu e  th an  
s a m p le s  w i th  c o n s i d e r a b l y  g r e a t e r  v i a b l e  c o u n ts  o f  HC b a c t e r i a .  
S i m i l a r l y ,  v a lu e s  o f  t h e  r a t i o  w ere  som etim es g r e a t e r  In  o i l - f r e e  
c o n t r o l s  when compared t o  o i l - t r e a t e d  f l a s k s  even though th e  a b s o lu te  
v i a b l e  c o u n t s  o f  HC b a c t e r i a  were s i g n i f i c a n t l y  l a r g e r  in  t h e  l a t t e r .  
S in c e  v i a b l e  c o u n ts  o f  b o th  HC and HET b a c t e r i a  c o n t r ib u te d  t o  th e  
v a l u e  o f  t h e  r a t i o  and change  in  one c o u n t  did no t alvayH accompany 
c h an g e  i n  th e  o t h e r ,  v a l u e s  o f  th e  r a t i o  o f t e n  would n o t c o r re sp o n d  
to  I n c r e a s e s  o f  HC b a c t e r i a  v i a b l e  c o u n ts  i n  re sp o n se  to  p e tro leu m  
t r e a t m e n t .  However, a b s o l u t e  numbers o f  HC b a c t e r i a  In c re ase d  In 
l a b o r a t o r y  e x p e r im e n t s  d u r in g  p e tro le u m  d e g r a d a t io n .  Under n u t r i e n t
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e n r ic h m e n t  t h i s  r e s p o n s e  w as  e aa lL y  o b s e r v e d .  I n  s l l  c a s e s , DC 
v i a b l e  c o u n ts  w a re  h i g h e r  i n  e n r i c h e d  f l a s k s  and  p a r a l l e l e d  l o s e s a  In  
b o th  t h e  a l i p h a t i c  and  a r o m a t i c  f r a c t i o n s  o f  p e t r o l e u m .  S l i g h t l y  
e l e v a t e d  HC b a c t e r i a l  c o u n t s  Ln i n o c u l a t e d  f l a s k s  com pared  t o  o i l - f r e e  
f l a s k s  w ere  p o s s i b l y  due t o  d e g r a d a t i o n  o f  t h e  a r o m a t i c  f r a c t i o n  ev en  
th o u g h  n - a l k a n e s  w e re  n o t  d e g r a d e d .  I n c r e a s e s  l n  o i l - f r e e  f l a s k s  w ere  
raoat l i k e l y  due t o  t h e  " b o t t l e  a f f e c t " *  i . e . ,  due t o  s u r f a c e  a d s o r p ­
t i o n  o r  co n ce n t  r a t i o n  o f  n u t r i e n t s  a v a i l a b l e  In  t h e  w a t e r  Inocu lum . 
W hile I n c r e a s e s  f o r  HC and HET b a c t e r i a  ab o v e  I n i t i a l  v a l u e s  w ere  
n o t e d  In  a l l  f l a s k s  d u r in g  s l l  s e a s o n s ,  s i g n i f i c a n t l y  g r e a t e r  HET and 
HC p o p u l a t i o n s  I n  e n r i c h e d  f l a s k s  w e re  d i r e c t l y  r e l a t e d  t o  p e t ro le u m  
d e g r a d a t i o n .  R e l a t i v e l y  s m a l l e r  v i a b l e  c o u n t  I n c r e a s e s  o b s e rv e d  
d u r i n g  w i n t e r  (5°C ) w ere  p r o b a b ly  t h e  r e s u l t  o f  lo w e re d  m e ta b o l i c  
a c t i v i t y  and i n c r e a s e d  o i l  v i s c o s i t y .  T h ese  o b s e r v a t i o n s  a r e  s i m i l a r  
to  t h o s e  f o r  s a m p le s  t a k e n  from A r c t i c  o i l  s e e p s  { C u n d e l l  and  T r a x l e r ,  
1973) and  a r c t i c  w a t e r s  { A t l a s ,  1975 and  A t l a s  e t  a l .  197b) and 
e x p e r im e n t s  run w i t h  p u r e  c u l t u r e s  o f  p s y c h r o p h i i l c  b a c t e r i a  (Z o B e l l ,  
1 9 7 3 ) .
A lth o u g h  num bers  o f  HC b a c t e r i a  p r o v id e d  a  good i n d i c a t i o n  o f  
p e t r o le u m  d e g r a d a t i o n  in  l a b o r a t o r y  e x p e r i m e n t s ,  n u m b ers  o f  HC b a c t e r i a  
In  t h e  f i e l d  d id  n o t  c o r r e l a t e  s i g n i f i c a n t l y  w i th  a l i p h a t i c  and a r o ­
m a t ic  h y d ro c a rb o n  l e v e l s .  S t a t i o n  Cl m a n i f e s t e d  th e  h i g h e s t  I n i t i a l  
v i a b l e  c o u n ts  of HC b a c t e r i a ,  b u t  l e v e l s  o f  h y d r o c a r b o n s  o b se rv e d  
w e re  n o t  s i g n i f i c a n t l y  d i f f e r e n t  from  t h o s e  a t  o t h e r  s t a t i o n s .
H owever, l e v e l s  o f  h y d r o c a r b o n s  m easu red  f o r  MAOCS s t a t i o n s  were a t  
c o n c e n t r a t i o n s  1 0 0 0  to  1 0 , 0 0 0  t im e s  lo w e r  th a n  th o s e  o b s e r v e d  ln  " o i l
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p o l l u t e d "  s n p l e i  ( A t la s  and B a r t h a ,  1973 and W alk e r  and C o lw e l l ,
1 9 7 6 ) .  Thus t h e  MAOCS s t a t i o n s  s t u d i e d  w ou ld  be c o n s id e r e d  non- 
p o l l u t e d  . B u ck ley  e t  a l .  (1976)  c o u ld  n o t  f i n d  c o n s i s t e n t  r e l a t i o n ­
s h i p s  o f  t o t a l  v i a b l e  b a c t e r i a l  c o u n t s  w i th  p e t ro le u m  (aa  d e te rm in e d  
by f l u o r e a c a n c e )  c o n c e n t r a t i o n s  l n  n a n - p o l l u t e d  e s t u a r i n e  w a te r s .
Thus i t  a p p e a r s  t h a t  numbers o f  HC b a c t e r i a  a n d / o r  v a l u e s  o f  th e  
HC/HET r a t i o  l n  HAOC5 f i e l d  s a m p le s  a r e  r e s p o n s e s  t o  o t h e r  v a r i a b l e s  
n o t  m easured . T hese  co u ld  I n c lu d e  n a t u r a l l y  low b u t  s t e a d y  h y d ro ­
c a r b o n  i n p u t s ,  t h e  p r e c i s i o n  o f  t h e  e n u m e ra t io n  t e c h n i q u e ,  s e l e c t i v i t y  
o f  t h e  e n u m e ra t io n  m ed ia ,  e t c .
L e v e ls  o f  p e t r o l e u m - d e g r a d in g  b a c t e r i a  w ere  r e l a t e d  t o  w a te r  
m a ss .  Thus, t h e  l a r g e s t  v i a b l e  c o u n t s  w ere  u s u a l l y  m easu red  ln  th e  
c o a s t a l  boundary  l a y e r ,  a w a te r  m ass  c h a r a c t e r i z e d  by p r o x im i ty  to  
s e a s o n a l  m a r i t im e  a c t i v i t i e s  and  g e n e r a l l y  t h e  h i g h e s t  l e v e l s  of 
n u t r i e n t s ,  o r g a n i c  c a rb o n ,  and a l i p h a t i c  h y d r o c a r b o n s .  Lower v a lu e s  
o f  HC b a c t e r i a  w ere  u s u a l l y  Found i n  s h e l f  w a te r  a t  t h e  re m a in in g  
i n n e r  (D l, N3) and  o u te r  (E3) s h e l f  s t a t i o n s .  D u rin g  6 s e a s o n s  
r e l a t i v e l y  e l e v a t e d  v i a b l e  c o u n t s  w ere  m easu red  l n  t h e  v i c i n i t y  o f 
t h e  s h a l f  b r e a k  (F 2 ) .  Here s h e l f  and  s lo p e  w a t e r  mix w i th  a s s o c i a t e d  
u p w e l l i n g  w hich a p p e a re d  to  s t i m u l a t e  b i o l o g i c a l  a c t i v i t i e s .  F i n a l l y ,  
t h e  lo w e s t  v i a b l e  c o u n ts  m easu red  were u s u a l l y  found  beyond th e  s h e l f  
b r e a k  seaward o f  t h e  f r o n t a l  zo n e  ( J l )  in  o c e a n i c  o r  G u lf  S tream  
eddy  w a te r .  S im p le  c o r r e l a t i o n s  o f  v i a b l e  b a c t e r i a l  co u n t a w ith  
p h y s i c a l - c h e m i c a l  d a t a  were  n o t  p o s s i b l e .  C o n s id e r i n g  t h e  dynamic 
n a t u r e  o f  th e  MAOCS h y d r o g r a p h ie s ,  u n c e r t a i n t i e s  a s s o c i a t e d  w i th  a 
d a t a  b a se  l i m i t e d  to  s e v e r a l  s a m p le s  each s e a s o n ,  t h e  p r e c i s i o n  o f
so
c h e m ic a l  a n a l y s e s  em ployed and t h e  s t a n d a r d  d e v i a t i o n s  i m p l i c i t  In the  
MPN t e c h n i q u e , l a c k  o f  c o r r e l a t i o n s  was n o t  s u r p r i s i n g ,  However, d e s p i t e  
t h e s e  u n c e r t a i n t i e s *  b a s i c  t r e n d s  w ere ob se rv ed  and  In d ic a te d  t h a t  
p e t r o le u m - d e g r a d in g  b a c t e r i a  tended  t o  d e c r e a s e  w i t h  d i s t a n c e  from 
s h o r e  w i th  v a r i a t i o n  on t h i s  p a t t e r n  b e in g  due to  i n t e r a c t i o n s  o f  
s h e l f  and s lo p e  w a te r  m asse s .
A lth o u g h  EfC b a c t e r i a  co u ld  be d e t e c t e d  a t  a l l  s t a t i o n s ,  a b s o lu t e  
num bers w ere  n o t  a lw a y s  i n d i c a t i v e  o f  t h e  in  v i t r o  d e g ra d a t io n  p o te n ­
t i a l  in  c l o s e d  f l a s k  e x p e r im e n t s .  W ith  n u t r i e n t  e n r ic h m e n t ,  a l l  
s t a t i o n s  c o u ld  s u p p ly  an  inoculum  w i th  t h e  c a p a c i ty  t o  degrade  soma 
p r o p o r t i o n  o f  t h e  a l i p h a t i c  and a ro m a t ic  f r a c t i o n s  o f  SLCO, In some 
o f  t h e  c a s e s  exam ined , sam p les  from v a r i o u s  s t a t i o n s  were a b le  to  
d e g r a d e  a r o m a t ic  compounds w i th o u t  n u t r i e n t  amendment. T h is  i s  p e r ­
h a p s  t h e  moat r e m a rk a b le  f i n d i n g  o f  t h i s  s tu d y .  A rom atic  hydro­
c a rb o n s*  a s  s o l e  c a rb o n  s o u r c e s ,  have b een  shown to  be  degraded by 
p u re  c u l t u r e s  o f  b a c t e r i a  (Van d e r  L inden  and r h l j s s e ,  1965; T r e c c s n i ,  
1965 and G ib so n ,  1968) and a ro m a t ic  compounds of m ixed hydrocarbon 
s u b s t r a t e s  have been  shown to  be d e g ra d ed  by pure c u l t u r e s  (Walker 
and C o lw e l l ,  1974a and  W alker e t  a l , , 1975a) o r  e n r ic h m e n ts  from s o i l  
(W e s t la k e  e t  a l . ,  1 9 7 4 ) ,  However, few s t u d i e s  have d em o n stra ted  use 
o f  a r o m a t i c  h y d ro c a rb o n s  i n  a  whole c r u d e  by n a t u r a l l y  o c c u r r in g  
p o p u l a t i o n s  o f  m arine  b a c t e r i a .  W alker e t  a l .  (1975b) dem onstra ted  
rem oval o f  a r o m a t ic  compounds from SLCO, by an inoculum  of sed im ent 
from  an  o i l - p o l l u t e d  c r e e k .  T h e ir  a n a l y s i s ,  by mass s p e c t ro m e try ,  
o f  t h e  d e g ra d ed  o i l  was d i r e c t e d  a t  g ro u p s  of compounds and d id  not 
exam ine  th e  d e g r a d a t i o n  o f  s p e c i f i c  compounda. They observed  a
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d ec rea se  in  s u s c e p t i b i l i t y  t o  m i c r o b i a l  d e g r a d a t io n  o f  a ro m a t ic
compounds a s  th e  number of a r o m a t ic  r i n g s  in c r e a s e d .  Thla phenomenon
was a lao  o b se rv ed  l n  t h l a  s tu d y .  A n a ly se s  I n d ic a te d  t h a t  n a p h th a l e n e s
were always removed f a s t e r  and to  a  g r e a t e r  e x t a n t  th a n  p h e n a n th re n e  ■ 
14Lee (1977) used  C ~ labeled  n a p h th a l e n e  and u e th y ln a p h th a la n e  to
d em o n stra te  m i n e r a l i s a t i o n  o f  t h e s e  compounds l n  e s t u a r l n e  w a t e r s .
14S im i l a r ly ,  u s in g  C - la b e le d  n a p h t h a l e n e ,  m e th y ln a p h th a le n e  and n -
hexadecane, Lee and Anderson (1977) found  th e s e  compounda t o  be 
14m in e ra l iz e d  t o  0 0 ^  by s ea w a te r  i n o c u la  tak en  from c o n t r o l l e d  * c q -  
system e n c lo s u r e s  o f f  th e  c o a s t  o f  B r i t i s h  Colum bia, They o b se rv e d  
th a t  n -hexadecane  had a  f a s t e r  t u r n o v e r  tim e th an  th e  n a p h th a l e n e s .  
However, in  b o th  o f  t h e  above e x p e r im e n t s ,  o n ly  p u re  h y d ro c a rb o n s  
were added to  th e  s e a w a te r  i n o c u l a .  In  t h l a  s tu d y  n - s lk a n e s  and 
s e le c te d  aroma t i c s  were o f t e n  removed s im u l ta n e o u s ly .  However, 
I n d iv id u a l  compounds e x h ib i t e d  d i f f e r e n t  r a t e s  o f  d e g r a d a t io n .
S h o r te r  ch a in ed  n - a lk a n e s  were removed f a s t e r  th a n  lo n g e r  c h a in  
le n g th  n - a lk a n e a .  A d d i t i o n a l l y ,  l e s s  s u b s t i t u t e d  n a p h th a le n e s  were 
degraded f a s t e r  th a n  n a p h th a le n e s  w i t h  s e v e r a l  m e th y l  g ro u p s .  Removal 
of s h o r t e r  c h a in  l e n g th  n - a lk a n e s  and l e e s  s u b s t i t u t e d  a r o m a t lc s  
p r e f e r e n t i a l l y  may be r e l a t e d  t o  t h e i r  in c r e a s e d  s o l u b i l i t y  In  w a te r ,  
r e l a t i v e  abundance in  SLCO, s p e c i f i c i t y  o f  enzymes f o r  t h e i r  d e g ra d a ­
t i o n  o r  a c o m b in a tio n  of th e s e  and  o t h e r  f a c t o r s .  D em o n stra t io n  o f 
the  removal o f  a ro m a t ic  h y d ro ca rb o n s  from a whole c ru d e  o i l  ( i . e . ,
SLCO) c o n c o m i ta n t ly  w i th  n - a lk a n a s  c o n t r a s t s  w i th  p re v io u s  o b s e r v a ­
t io n s  t h a t  n -a lk a n e e  a r e  p r e f e r e n t i a l l y  removed from crude o i l s  
(Stone e t  a l , ,  1942; ZoBell e t  a l , ,  1943; K s to r  e t  a l . ,  1971 and
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S o l i  and B ena, 1973)* In  t h e  c i t e d  s t u d i e s ,  o b s e r v a t i o n s  w ere baaed 
on h y d ro c a rb o n  o r  p e t ro le u m  d e g r a d a t i o n  by p u re  and m ixed  c u l t u r e s  
o f  b a c t e r i a  a d ap te d  f o r  g ro w th  on p e t r o le u m .  Thus i c  i s  p o s s i b l e  
t h a t  th o s e  b a c t e r i a  c a p a b le  o f  d e g r a d a t i o n  o f  a ro n ta t lc a  m ig h t  have 
been  s e l e c t e d  a g a i n s t .
The d a t a  s u g g e s t  t h a t  t h e  m i c r o b i a l  p o p u la t io n s  o f  t h e  MAOCSt 
e s p e c i a l l y  th o s e  a t  C l ,  w ere  p re a d a p te d  f o r  t h e  d e g r a d a t i o n  o f  some 
a ro m a t ic  compounds a s  w e l l  a s  f o r  n - a l k a n e s .  Lee and  A nderson  (1977) 
d e m o n s t r a te d  such  a  p r e a d a p t i o n  f o r  n a p h th a l e n e  d e g r a d a t i o n  ln  t h e i r  
c o n t r o l l e d  eco sy s tem  e x p e r im e n t s .  M i c r o b i a l  p o p u l a t i o n s  c o n ta in e d  ln
s e a w a te r  sam p lea  t a k e n  from  sy s te m s  e x p o sed  t o  n a p h t h a l e n e s  tu rn e d
14o v e r  C - l a b e l e d  n a p h th a l e n e  s e v e r a l  f o l d  f a s t e r  th a n  c o n t r o l s  which 
had n o t  been  exposed  t o  n a p h t h a l e n e s .  A d d i t i o n a l l y ,  t h e s e  m ic ro ­
o rg an ism s  d i d  no t u se  h e x a d e c a n e .  U nder t h e s e  e x p e r i m e n t a l  c o n d i t i o n s  
Lee and A nderson  (1977) c o n c lu d e d  t h a t  a  m i c r o b i a l  p o p u l a t i o n  s e l e c ­
t i v e  f o r  n a p h th a l e n e  d e g r a d a t i o n  had e v o lv e d .  T hese  m ic ro b e s  
a p p a r e n t l y  had s p e c i f i c  enaymea Induced  f o r  d e g ra d in g  n a p h th a le n e  b u t 
n o t  o t h e r  h y d ro c a rb o n s  ( I . e . ,  h e x a d e c a n e ) . B a c t e r i a l  p o p u la t i o n s  
o c c u r r in g  a t  s t a t i o n  Cl and  t o  a  l e s s e r  e x t e n t  a t  N3 and  J l  p o sse sse d  
a  s u i t e  o f  enzymes o r  enzyme sy s te m s  c a p a b le  o f  c a t a l y z i n g  d e g r a d a t io n  
o f  a r o m a t lc a  and n - a l k a n e s  a t  s i m i l a r  r a t e s .  T h is  would mean t h a t  
t h e s e  p o p u l a t i o n s  w ere  n o t  d o m in a te d  by a s i n g l e  s p e c i a l i s t  m ic ro ­
o rg an ism  b u t  r a t h e r  had a  g e n e r a l i s t  o r  m elange  o f  s p e c i a l i s t s  which 
d eg rad ed  v a r i o u s  com ponents  o f  SLCO. Removal o f  a r o m a t ic  compounds ln  
t h i s  s tu d y  a l s o  may have b een  due to  c o - o x i d a t i o n .  M easurem ent o f  l o s s  
by gas  ch ro m ato g rap h y  d o e s  n o t  n e c e s s a r i l y  mean a  p a r t i c u l a r  compound
S3
was used  by t h e  b a c t e r i a .  C o a s ta b o l ism  o f  such  compounds l a  p o s s ib le  
and rem oval In  t h l a  maimer would be i n d i s t i n g u i s h a b l e  from m ic r o b ia l  
o x i d a t i o n  by g a s  ch ro m ato g rap h y .
As I d e n t i f i e d  by th e  m o d if ie d  Shevan scheme (1963) g e n e r a  dominant 
l n  I n i t i a l  p o p u l a t i o n s  i s o l a t e d  from Hi and  ESWB p lu s  p e t ro le u m  tubes  
w ere  s i m i l a r  to  th o s e  r e p o r t e d  e lse w h e re  f o r  e s t u a r l n e  and o c e a n ic  
w a t e r s  ( S i e b u r t h ,  1967 \ L i s t o n ,  1966 and E zura  e t  a l . ,  1 9 7 6 ) .  On a 
s t a t i o n  by s t a t i o n  b a s i s ,  t h e r e  was no d i f f e r e n c e s  l n  I n i t i a l  popu la ­
t i o n  c o m p o s i t io n .  When sam ples  w ere  i n c u b a t e d  l n  c lo sed  f l a s k s ,  
p o p u l a t i o n  c o m p o s i t io n  changed s i m i l a r l y  f o r  a l l  t r e a tm e n t s  I f  a l l  
s e a s o n s  were c o n s i d e r e d .  However, I f  t h e  summer was e x c lu d e d ,  th e  
p e r c e n ta g e  o f  Pseudom onas in  e n r i c h e d  f l a s k s  was g e n e r a l l y  h ig h e r  than 
in  o t h e r  t r e a t m e n t s  and t h e r e f o r e  r e l a t e d  t o  t h e  e x te n t  o r  d e g re e  of 
p e t ro le u m  d e g r a d a t i o n .  Pseudomonas has  b e e n  documented (P o lyakova , 
1962; M ironov , 1970; Byrom e t  a l , , 1970; C u n d e l l  and T r a x l e r ,  1973, 
1976; L e P e t l t  e t  a l . ,  1973; W alker e t  a l . ,  1976a and A u s t in  e t  a l . ,
1977) a s  an e x c e l l e n t  p e tro le u m  d e g r a d e r .  R e s u l t s  from t e s t  o f  
p e t ro le u m  d e g r a d a t i o n  in  pure  c u l t u r e  in  t h i s  s tu d y  I n d ic a te d  t h a t  
Pseudomonas was a c t i v e  in  d e g ra d in g  p e t r o le u m .  High p e r c e n ta g e s  of 
Pseudom onas In  o i l - f r e e  f l a s k s  d u r in g  summer m igh t have been ln  
r e s p o n s e  to  I n c r e a s e d  l e v e l s  o f  n a t u r a l  h y d ro c a rb o n  o r  l i p i d - l l k e  
compounds due t o  i n c r e a s e d  p h y ta p la n k to n  a c t i v i t y .
C o n tin u o u s  d i l u t i o n  e x p e r im e n t s  were d e s ig n e d  to  s im u la te  in  s i t u  
w e a th e r in g  o f  an  o i l  s l i c k  a t  s e a .  By c o n t in u o u s ly  adding  f r e s h  se a ­
w a te r  to  f l a s k s  c o n t a i n i n g  a  s m a l l  amount o f  p e t ro le u m , t h e  o i l ,  ln 
t h e o r y ,  would be exposed  t o  an e v e r  c h a n g in g  inoculum  and su p p ly  of
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In o r g a n ic  n u t r i e n t s .  W hile th e  p o p u l a t i o n s  o f  HC b a c t e r i a  in c r e a s e d  
in  re sp o n se  t o  th e  SLCO, s i g n i f i c a n t  d e g r a d a t io n  o f  n -a llcaneg  cou ld  
n o t  be measured. A p p a re n t ly ,  l o s s e s  due t o  e v a p o r a t i o n  were e q u a l  to  
o r  g r e a t e r  th a n  th o s e  due  to  m i c r o b i a l  a c t i v i t y ;  s t e r i l e  c o n t r o l s  and 
in o c u la te d  f l a s k s  had s i m i l a r  am ounts o f  n - a lk a n e e ,  S h o r t  I n c u b a t io n  
t im es  used during  t h e s e  e x p e r im en ts  d id  n e t  a l l o w  m ic r o b ia l  d e g r a d a t io n  
t o  be d e t e c t e d .  One o th e r  f a c t o r  which d e f i n i t e l y  co u ld  have c o n t r i ­
bu ted  to  th e  la ck  o f  s i g n i f i c a n t  m i c r o b i a l  d e g r a d a t io n  was t h e  la c k  of 
of n i t r a t e  and p h o sp h a te  n e c e s s a ry  f o r  d e g r a d a t i o n  o f  n - a l k a n e s .  As 
was n o te d  in  th e  c lo s e d  f l a s k  e x p e r im e n t s ,  l i t t l e  o r  no d e g r a d a t io n  of 
n - a lk a n e s  occu rred  w i th o u t  n u t r i e n t  amendment, T h is  phenomenon has  
been p re v io u s ly  d e s c r ib e d  { B r id ie  and B os, 19-71; A t l a s  and B a r th a ,
1971 and O l iv e r1 e t  a l . ,  1976). These w o rk e rs  found p e tro le u m  
d e g r a d a t io n  in  s e a w a te r  t o  be n i t r a t e  and p h o sp h a te  l i m i t e d .  D ata  
c o l l e c t e d  from a  s e r i e s  o f  e x p e r im e n ts  run  w ith  Q.1X, 0 .0 5 1 ,  0.Q1X 
and 0,001% SLCO (v /v )  added to  s e a w a te r  con firm ed  t h e s e  r e p o r t s  a t  the  
h ig h e r  l e v e l s  o f  SLCO, However, a t  t h e  0.01% and Q.00LZ l e v e l s ,  
d e g ra d a t io n  o f  n - a lk a n e a  was o b se rv e d  w i th  n u t r i e n t  amendment. Thus 
i n  a r e a s  r e c e iv in g  c o n s t a n t  low l e v e l s  o f  p e t ro le u m  p o l l u t i o n ,  i t  
might be p o s s ib le  to  s e l e c t  fo r  a  b a c t e r i a  f l o r a  f o r  p e tro leu m  use  
and remove much of t h e  p o l l u t i n g  o i l .  S e k i  (1976) o b se rv ed  t h i s  in  
a r e a s  of Tokyo Bay exposed  to c h r o n ic  low l e v e l  o i l  p o l l u t i o n .
O th e r  than  n u t r i e n t  l i m i t a t i o n ,  t h e  a b i l i t y  o f  a  p o p u la t io n  of 
m icroorgan ism s to  d e g ra d e  o i l  was a f f e c t e d  m o s t ly  by in c u b a t io n  
te m p e ra tu re ;  a t  low te m p e r a tu r e s ,  rem oval o f  a ro m a tlc f l  && w e l l  a s  
n -a lk a n e s  was d e c r e a s e d . A ll s t u d i e s  perfo rm ed  a t  In  s i t u  w in te r
a s
te m p e r a t u r e s  i n d i c a t e d  t h a t  lo n g  l a g  t i n e a  o c c u r r e d  b e f o r e  d e g r a d a t io n  
began  and  o p t im a l  r a t e s  o f  d e g r a d a t i o n  w ere  s lo w e r  t h a n  th o s e  found  in  
o t h e r  s e a s o n s .  D ec re a se d  p e t ro le u m  d e g r a d a t i o n  d u r in g  th e  w i n t e r  
s e a s o n  p r o b a b ly  was a  f u n c t i o n  o f  lo w e re d  m i c r o b i a l  b io m a s s ,  d e p r e s s e d  
m i c r o b i a l  m e ta b o l ic  a c t i v i t y  and  i n c r e a s e d  v i s c o s i t y  o f  t h e  o i l  a t  th e  
low I n c u b a t io n  t e m p e r a t u r e s .  D u rin g  suraner i n c u b a t i o n s ,  r e d u c e d  
a -a l lc a n e  d e g r a d a t l v e  a b i l i t i e s  w ere  o b s e r v e d .  Lowered b a c t e r i a l  
d e g r a d a t i o n  may have  b een  a  r e f l e c t i o n  o f  i n c r e a s e d  e v a p o r a t i v e  l o s s e s  
o r  t h e  p r e s e n c e  o f  c o m p e t i t i v e  o r g a n i c  s u b s t r a t e s  due  t o  i n c r e a s e d  
b i o l o g i c  a c t i v i t y .
The s t a t e d  g o a l s  o f  t h i s  d i s s e r t a t i o n  w era a s s e s s m e n t  o f  1) t h e  
e f f e c t s  o f  s e a s o n a l i t y  ( t e m p e r a t u r e ) ,  i n o r g a n i c  n u t r i e n t s  and Inoculum  
s o u rc e  o f  t h e  m ic r o b ia l  d e g r a d a t i o n  o f  SLCO; 2 )  p o s s i b l e  s u c c e s s io n  
o f  b a c t e r i a l  ty p e s  a f t e r  p e t ro le u m  e x p o s u r e  and d u r in g  p e t ro le u m  
d e g r a d a t i o n  and 3) th e  e f f e c t s  o f  low l e v e l s  o f  p e t ro le u m  on n a t u r a l l y  
o c c u r r i n g  b a c t e r i a l  p o p u l a t i o n  o f  MAOCS s u r f a c e  w a t e r s .  R e s u l t s  o f  
many e x p e r im e n ts  have y i e l d e d  t h e  f o l l o w i n g  c o n c l u s i o n s !
1) A l l  sam ples  from  v a r i o u s  MAOCS w a te r  m a sse s  c o n ta i n e d  p o p u la ­
t i o n s  o f  b a c t e r i a  w hich d e g ra d e d  n - a l k a n e s  (nC^Q “ n^25^ *n 
c ru d e  o i l  when amended w i t h  i n o r g a n i c  n u t r i e n t s ,
2 )  Sam ples from some s t a t i o n s  ( n o ta b ly  C l)  c o n ta i n e d  b a c t e r i a l  
p o p u la t io n s  w h ich  c o u ld  t o t a l l y  remove n - a l k a n e e  and  s u b s e ­
q u e n t ly  b ran ch ed  a l k a n e s  from  t h e  a l i p h a t i c  f r a c t i o n  o f  SLCO,
3) Sam ples from a l l  o f  t h e  s t a t i o n s  exam ined c o u ld  d e g ra d e  
s e l e c t e d  a ro m a t ic  compounds ln  SLCO when amended w i th  
i n o r g a n i c  n u t r i e n t s  and t o  a l e a s e r  e x t e n t  w i th o u t  su ch  
amendments,
8 6
4) D e g r a d a t io n  o f  n - a l k a n e s  and  a r o m a t i c s  o c c u r re d  s im u l ta n e o u s ly ,
5 )  The r a t e  o f  d e g r a d a t i o n  o f  n - a l k a n e s  and s e l e c t e d  a ro m a tic s  
was r e l a t e d  to  s t r u c t u r e ;  > f o r  n-alltaneB
and n a p h th a  l e n o m s t h y l n a p h t  ha  le n e> d lm a th y n ap h t ha le n e  f o r  
a r o n a t l c a  .
6 ) Low i n c u b a t i o n  t e m p e ra tu re  ( i . e . ,  5°C) red u ced  d e g ra d a t io n  
o f  b o th  n -a l lc a n e s  and s ra m a f i 'c s .
7 )  T h e re  was a te n d e n c y  f o r  few er b a c t e r i a l  g e n e ra  to  be 
i s o l a t e d  a f t e r  p ro lo n g e d  e x p o su re  t o  SLCO and th e s e  o f t e n  
had SLCO d e g r a d a t i o n  a b i l i t y  l n  p u re  c u l t u r e s .
S) Pseudom onas s p .  was th e  dom inan t p e tro le u m  d e g r a d e r  i n  a l l  
w a te r  s am p les  u sed  a s  In o c u la .
9) B a c t e r i a l  p o p u l a t i o n s  re sponded  t o  low l e v e l s  o f  SLCO and 
w ere  a b l e  to  d e g ra d e  t h e  o i l  w i th  am bien t in o r g a n ic  n u t r i e n t  
l e v e l s .
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A ppendix  A. Q u a n t i f i c a t i o n  o f  p r l s t s n e  In  S o u th  L o u i s i a n a  c ru d e  o i l
(SLCO) by  s t a n d a r d  a d d i t i o n .
S o l u t i o n  A: 1 .0  m l o f  SLCO p l u s  9 . 0  ml o f  hex an e
1 .0  ml o f  SLCO -  842 mg
1 Ml o f s o l u t i o n  A -  8 4 .2  jig
S o l u t i o n  E: 2 . 0  mg p r l s t a n e  (P E O /1 .0  ml o f  hexane
1 ] i l  o f  s o l u t i o n  D *  2 . 0  Mg PR
I n j e c t i o n s  w ere  1 u l  o f  e i t h e r  a sp ik e d  o r  u n s p lk e d  m i x t u r e .  The
s p i k e d  m ix tu re  c o n t a i n e d  1 p i  o f  s o l u t i o n  A and 1 p i  o f  s o l u t i o n  B.
The unsp lked  m ix tu r e  c o n ta i n e d  1 p i  o f  s o l u t i o n  A an d  1 u l  o f  h e x a n e .
T h e r e f o r e t 1 p i  o f  a  s p ik e d  m i x t u r e  c o n ta in e d  1 ug FR and 4 2 .1  Mg SLCO
a n d  1 p i  o f  an  u n s p lk e d  m ix tu r e  c o n t a i n e d  4 2 .1  pg SLCO.
 _____________  P eak  H e ig h t  (imp________________________
U n sp lk e d :  1 p i  S o I n .  A S p i k e d :  1 Ml S o ln .  A 
Sam ple  ttumber P l u s  1 u l  H exane F l u s  1 Ml S o ln .  B________
1 4 6 .0  1 9 6 .0
2 5 0 .5  200.5
3 5 1 .0  2 1 3 .0
4 5 8 .0  2 1 0 .0
 5_______________________52^0 n 2 1 2 . 0 _______________
J  5 1 .5  ± 4 . 3  2 0 6 .3  ± 7 . 6
C a l c u l a t i o n s :  2 0 6 .3  nm ( s p ik e d )  -  5 1 .5  rm ( u n s p l k e d )  * 154.fi mm o r
th e  h e i g h t  due t o  a d d ed  p r l s t a n e .
1 ur PR X pg PR ( In  SLCO) . . .  A    .So -----  ■ 1 - t  -  „ 1 a nd X ■ 0 ,3 3  ug PR in  1 p i  o fi j ' t . B  mm nm .u n s p lk e d  m i x t u r e .
To f i n d  amount p r l s t a n e  I n  100 p i  o f  u n d i l u t e d  SLCO:
 0 .3 3  ua FR______________ 1 u l  u n s p lk e d  m ix tu r e  B4.2 yg 5LCQ
I u l  unsplked  m ix tu r e  4 2 .1  pg SLCO 1 p i  A
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A ppendix  C
F ig u r e s  r e p r e s e n t i n g  v i a b l e  c o u n ts  o f  p e t r o le u m - d e g r a d in g  
end h e t e r o t r o p h l c  m a r in e  b a c t e r i a  I n  c lo s e d  f l a s k  p e t ro le u m  
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A seminary o f  t h e  do m in an t  g e n e r a  o f  m a r in e  b a c t e r i a  I s o l a t e d  and 
I d e n t i f i e d  from c l o s e d  f l a s k  e x p e r i m e n t s  and t h e i r  p e r c e n t a g e  of  
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Appendix F . Comparison o f  aumnation v a l u e s  f o r  n -  a l k a n e s  
(nCig -  1JC2 5 } i o  p ro c e d u ra l  c o n t r o l s  run on 
packed c o l u m *  and c a p i l l a r y  columns.
Packed Columns, 9 P r o c e d u r a l  Contro ls .
Compound X Std ,  Dev. — . Dev, 
X
nCio 105 20 19.0
nCii 121 9 7 .0
11C12 146 19 13.0
nCi3 227 19 6.3
nCn 315 6 2.5
nC15 429 15 3.4
bC16 450 20 4.4
HC17 450 10 2.1
ftCl 8 348 22 6 .4
nci9 386 22 5 .7
nC2o 319 24 7.4
nC2l 268 28 10,4
nC22 276 27 9 ,6
nC23 231 28 12,1
nC24 196 32 16,1
nC25 163 27 16.6
InCio -  nC25 4431 246 6 ,0
C a p i l l a r y  Columns1, 8 P r o c e d u r a l  Contro ls
Compound X Std,  Dev, ^ . Dev. 
X
nCio 27 15 55.0
nCn 94 29 31.0
tiCis 143 26 18.4
nCi3 244 39 15.9
nCi^ 367 51 13.9
nCis 390 38 9 .6
nCie 411 34 3.2
nCi7 449 33 7 .4
nCxfl 347 23 6 .6
nCig 326 21 6 .4
nC20 330 27 8 ,1
nC2i 288 23 9 .7
nC22 286 13 4 .7
T1C23 232 13 7,9
nC24 199 17 8 ,7
nC25 142 25 17.4
InCjQ -  0C25 4265 248 6 .0
Appendix F,  F ig u r e  F l
Comparison of v a l u e s  f o r  n - a l k a n e g  i n  a l i p h a t i c  f r a c t i o n s  r u n  on 
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C A R S O N  N U M B E R
Appendix  F* F i g u r e  FZ
Represen t  a t l v e  ch rom atogram s  of  H2 f r a c t i o n  of  S ou th  L o u i s i a n a  c r u d e  
o i l  p r o c e d u r a l  c o n t r o l s  r u n  on a  packed  co lum n (A) and on a  c a p i l l a r y  
column fB).  Numbers c o r r e s p o n d  t o  number o f  c a r b o n s  In  n - a l k a n e ,
Pr * p r l e t a n e  an d  Ph -  p h y t a n e .
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A straanary o f  r a t e s  o f  d e g r a d a t i o n  o f  n ^ a l k a n e s  "  ”^ 2 5  ^ *n c l ° Bet^
f l a s l c  p e t r o l e u m  d e g r a d a t i o n  e x p e r i m e n t s .
T a b l e d .  R a te s  o f  d e g r a d a t i o n ^  (pg/rfay) o f  n - a l k a n e a
(nCio -  nCZ5> i n  S ou th L o u i s i a n a  c ru d e o i l  in
c l o s e d  f l a s k s i n o c u l a t e d  w i th s e a w a t e r c o l -
l e c t e d  d u r i n g  T a l l  1975.
•n Days of I n c u b a t i o n
S t a t i o n Trea tm en t 3 b 24 48
Cl I n o c u l a t e d N . S . C N.S. N.S, N.S.
Enr iched 361 857 16 0
D1 I n o c u l a t e d N .S . N . S , N.S. N.S.
Enr iched 1117 26 51 0
N3 I n o c u l a t e d N . S . 95 N.S. N.S.
E nr iched 550 355 104 0
E3 I n o c u l a t e d 155 N.S, N.S, N.S.
E nr iched 926 0 1 0 1 0
¥2 I n o c u l a t e d N .S . N .S . N.S. N .S .
Enr iched 874 30S 18 0
I n o c u l a t e d N .S . N.S. N.S. N.S.
Enr iched 150 N.S. 2 0 126
A j  Rate o f  D e g r a d a t i o n  ■ W eigh t  L0 SS2  - Weight Loss^
Day2 - Day^
Where: Weight Loas^ -  £pg n -a lk a n e H , s t e r i l e
c o n t r o l  f l a s k  -  Eng 
t i - a l k a n e s ,  t r e a t e d  f l a s k ,  
d u r in g  t h e  f i r s t  I n c u b a t i o n  
p e r i o d .
Weight Loee^  * Epg n - a l k e n e a ,  s t e r i l e  
c o n t r o l  f l a s k  -  Epg 
n - a l k a n e s ,  t r e a t e d  f l a s k ,  
d u r in g  th e  second  i n c u b a t i o n  
p e r i o d .
Day^ ■ Number of  days  i n  th e  f i r s t  I n c u b a t i o n  
p e r i o d .
Day? ** Number of  days i n  th e  s e c o n d  i n c u b a t i o n  
p e r i o d .
B -  T r e a tm e n t  -  I n o c u l a t e d  -  S e aw a te r  P lus  O i l
E n r ich ed  ■ S e a w a te r  P lu s  O i l  P lu s  N u t r i e n t  
Amendment
C - N.S. - No significant loss during incubation period, loss
was <1DK of control,
T ab le  G2. Rates  o f  d e g r a d a t i o n ^  (Mg/day) o f  t i-  a l k a n e e  
(nClQ -  11C2 5 ) i n  S o u th  L o u i s i a n a  c r u d e  o i l  i n  
c lo s e d  f l a s k s  i n o c u l a t e d  w i t h  s e a w a t e r  c o l ­
l e c t e d  d u r in g  W in te r  1976.
130
S t a t i o n Treatment® 3 b 24 46
Cl I n o c u l a t e d N.S , C N.S N.S, N .S .
E n r i c h e d N .S . N.S 242 0
D1 I n o c u l a t e d N .S , N.S N.S. N .S .
E n r i c h e d N .S . N.S 153 25
N3 I n o c u l a t e d N .S . N.S N.S. N.S .
E n r i c h e d N.S. 324 148 6
E3 I n o c u l a t e d N.S. N.S N.S. N .S ,
E n r i c h e d N.S, 333 2 0 105
F2 I n o c u l a t e d N.S, N.S N.S. N . S ,
E n r ich e d N .S . 519 130 0
J1 I n o c u l a t e d N .S , N.S N.S, N .S .
E n r i c h e d N.S. 2 2 0 U 2 46
A -  Rate o f  D e g r a d a t io n  » Weight Loaa2
Day2
-  Weight Lose^
-  Day!
Where: Weight Lobb^ -  Ipg n - a l k a n e s , s t e r i l e
c o n t r o l  f l a s k -  Epg
n -  a l k s n e e ,  t r e a t e d  f l a s k ,  
d u r i n g  t h e  f i r s t  i n c u b a t i o n  
p e r i o d .
Weight L o s s j  ■ Tpg n -a lJ tanes ,  s t e r i l e  
c o n t r o l  f l a a k  -  Epg 
n - a l k a n e s ,  t r e a t e d  f l a s k ,  
d u r i n g  t h e  second i n c u b a t i o n  
p e r i o d .
Day^ ■ Number o f  days  i n  t h e  f i r s t  i n c u b a t i o n  
p e r i o d ,
Dayj " Number o f  days i n  t h e  s eco n d  i n c u b a t i o n  
p e r i o d .
B -  Trea tment  -  I n o c u l a t e d  ■ S e a w a te r  P l u s  O i l
E n r ich e d  ■ Seavra te r P lu s  O i l  P lu s  N u t r i e n t  
Amendment
C - N.S. - No significant loss during incubation period, loss
was <10X of control.
A 131Table  g3.  Races o f  d e g r a d a t i o n  fu g /d ay )  o f  n -  a Ik tines 
(nClO -  nC2 5 ) In  South L o u i s i a n a  c rude  o i l  In  
c lo a e d  f l a s k s  I n o c u l a t e d  w i th  s e a w a t e r  c o l ­
l e c t e d  d u r in g  S p r in g  1976.
Days o f  I n c u b a t i o n
S t a t i o n Treatment® 1 6 24 46
Cl I n o c u l a t e d N .S .C N .S . N.S. N.S,
Enr iched 153 291 153 0
HI I n o c u l a t e d N.S. N .S . N.S, N.S.
E n r ich e d N.S . N.S. N.S. 155
N3 I n o c u l a t e d N.S, N.S. N.S, N.S.
Enr iched N.S. N.S. 147 63
E3 I n o c u l a t e d N.S. N.S. N.S. N.S.
Enr iched N.S. 139 206 0
F2 I n o c u l a t e d N.S. N.S. N.S. N.S.
Enr iched N .S . N.S. 109 54
J 1 I n o c u l a t e d N.S. N.S. N.S, N.S.
E n r ich e d N.S. 195 1 0 2 0





Where: Weight Loae^ -  Eve n -a lk a n e f l ,  s t e r i l e
c o n t r o l  f l a s k  -  Epg 
n -  a lk a l i e s ,  t r e a t e d  f l a s k ,  
d u r in g  th e  f i r s t  In c u b a t io n  
p e r i o d .
Weight Loss j  “ E^g n - a l k a n e a ,  s t e r i l e  
c o n t r o l  f l a s k  -  Eug 
n - a l k a n e s ,  t r e a t e d  f l a s k ,  
d u r in g  th e  second i n c u b a t i o n  
p e r i o d .
Dayj ■ Number of days In t h e  f i r s t  i n c u b a t i o n  
p e r i o d .
Day., ■ Number a f  days In  t h e  second i n c u b a t i o n  
p e r i o d .
B -  Treatment -  I n o c u l a t e d  * Seawate r  P l u s  O i l
Enr iched  ■* Seawate r  Plus  O i l  P lu s  N u t r i e n t  
Amendment
C - N.S. - No significant loss during incubation period, loss
was <10% of control.
Tab le  C4. Ha t e e  o f  d e g r a d a t i o n  ( j ig /day) o f  n -  a l l t a n e a  
(nCio  -  11C2 5 ) I n  S o u th  L o u i s i a n a  c r u d e  e l l  i n  
c l o s e d  f l a a k a  I n o c u l a t e d  w i th  s e a w a t e r  c o l ­
l e c t e d  d u r i n g  Sumner 1976 .
Days o f  I n c u b a t i o n
S t a t i o n
n
T rea tm en t 3 6 24 40
Cl I n o c u l a t e d N , S . C N.S , 26 N.S .
E n r ich e d 236 751 46 0
Dl I n o c u l a t e d N.S. N.S , N .S . N .S ,
E n r ich e d 1 0 1 0 0 7 46
N3 I n o c u l a t e d N.S. N.S , 30 N, S ,
E n r ic h e d N.S. N . S . 149 0
E3 I n o c u l a t e d N.S . N.S. N .S . N .S .
E n r ic h e d N.S, n . S . 0 2 40
F2 I n o c u l a t e d 160 N . S . N.S , N.S.
E n r ic h e d N.S, 219 34 1 0 2
J1 I n o c u l a t e d N .S , N.S. N .S. N .S,
E n r ic h e d N .S . N.S, N .S , N .S.




Where:  Weight L o s b j  ■ £pg n - a l k a n e s t s t e r i l e
c o n t t o l  f l a s k  -  Epg 
n - a l k a n e s ,  t r e a t e d  f l a s k ,  
d u r in g  the  f i r s t  i n c u b a t i o n  
p e r i o d .
Weight Lo63 2 “ EhS r i - a l k a n e s ,  s t e r i l e  
c o n t r o l  f l a s k  -  Epg 
t i - a l k a n e a ,  t r e a t e d  f l a s k ,  
d u r i n g  th e  s e c o n d  i n c u b a t i o n  
p e r i o d .
Day^ ■ Number o f  days  in  t h e  f i r s t  i n c u b a t i o n  
p e r i o d .
Day2 “ Number o f  days  In t h e  second  i n c u b a t i o n  
p e r i o d .
B -  T rea tm en t  -  I n o c u l a t e d  " S e a w a t e r  P lu s  O i l
E n r i c h e d  ■ S e a w a t e r  P lu s  Oil  P l u s  N u t r i e n t  
Amendment
C - N.S. - No significant less during incubation period, loss
was <101 of control.
T ab le  G5. R a t e s  o f  d e g r a d a t i o n  (y g /d a y )  o f  n - a l k a n e a  
(nCio -  nC25) In S o u th  L o u i s  tana  c r u d e  o i l  In  
c l o s e d  f I salt a  I n o c u l a t e d  w i th  s e a w a t e r  c o l ­
l e c t e d  d u r i n g  F a l l  1977 .
T rea tm en t^
Days o f  I n c u b a t i o n
S t a t i o n 3 6 24 48
Cl I n o c u l a t e d N .S .C N.S. N.S. N.S.
E n r ich ed N .S . N .S . 72 54
Di I n o c u l a t e d N.S. N.S. N.S. 18
Enr iched N.S. 2 0 0 114 1
N3 I n o c u l a t e d N .S . N.S. N .S . N.S,
En r ich e d N.S. 330 8 b 26
E3 I n o c u l a t e d N.S. N.S. N .S . N.S.
E n r ich e d 166 45 52 29
F2 I n o c u l a t e d N.S. N.S, N .S. N .S.
Enr iched N.S. 370 0 1 0 2
J1 I n o c u l a t e d N.S. N.S, N .S . N.S.
E n r ich ed N.S. 180 N .S . 42




Where: Weight Lobsj  -  Eng n - a l k a n e a ,  s t e r i l e
c o n t r o l  f l a s k  -  £pg 
n - a l k a n e g ,  t r e a t e d  f l a s k  f 
d u r i n g  th e  f i r s t  i n c u b a t i o n  
p e r i o d »
Weight L0 SB2 ■ l u g  H’ a l k a n e s t s t e r i l e  
c o n t r o l  f l a s k  -  I p g  
n - a l k a n e a ,  t r e a t e d  f l a s k ,  
d u r in g  t h e  s e c o n d  I n c u b a t i o n  
p e r i o d ,
Day^ -  Humber o f  days  in  t h e  f i r s t  i n c u b a t i o n  
p e r i o d .
Day2 ■ Number o f  days  In t h e  s e c o n d  I n c u b a t i o n  
p e r i o d .
B -  Trea tment  -  I n o c u l a t e d  “  S e a w a t e r  P lu s  O i l
E n r ich e d  -  S e a w a te r  P lu s  O i l  P l u s  N u t r i e n t  
Amendment
C - N.S. - No significant lose during Incubation period, losa
was <10X of control.
134
T ab le  G6 . R a t e s  o f  d e g r a d a t i o n ^  ( t ig /day )  o f  n - a l l c a n e s
(nCio -  nC25) i n  South L o u i s i a n a  c rude o i l  i n
c l o s e d  f l a s k s i n o c u l a t e d  w i t h s e a w a t e r c o l -
l e c t e d  d u r i n g  W in te r  1977.
11 Days of I n c u b a t i o n
S t a t i o n T r ea tm e n t 3 6 24 48
Cl I n o c u l a t e d N . S . C N .S , N.S. N .S ,
E n r i c h e d N .S . N .S . N.S. 92
D1 I n o c u l a t e d N .S . N.S . N.S. N.S.
E n r i c h e d N .S . N.S . 57 1
»3 I n o c u l a t e d N.S . N.S . N.S, N.S.
E n r ich ed N.S . N.S . 64 0
E3 I n o c u l a t e d N . S . N .S . N.S. N.S.
E n r i c h e d N . S . N .S . 36 31
F2 I n o c u l a t e d N.S . N .S . N.S. N.S,
E n r i c h e d N .S . N .S . 8 8 0
J 1 I n o c u l a t e d N .S . N .S . N.S. N .S .
E n r i c h e d N .S , N.S. 85 0
A -  Rate o f  D e g r a d a t i o n -  Weight L0 SB2  ” Weight  Lobs^
Dayj - Day 1
Where: Weight L o s s j  » Epg n - a l k a n e s ,  a t e r i l e
c o n t r o l  fLask  -  E^ig 
n - a l k a n e s ,  t r e a t e d  f l a s k ,  
d u r i n g  th e  f i r s t  I n c u b a t i o n  
p e r i o d .
W eight L o s s j  “ Kpg n - a l k a n e s ,  s t e r i l e  
c o n t r o l  f l a s k  -  l u g  
n - a l k a n e s ,  t r e a t e d  F l a s k ,  
d u r i n g  t h e  s econd  i n c u b a t i o n  
p e r i o d .
Day^ *■ Number o f  d a y s  i n  t h e  f i r s t  i n c u b a t i o n  
p e r i o d .
Day 2  ■ Number o f  d a y s  i n  t h e  second  i n c u b a t i o n  
p e r i o d .
B -  T r e a tm e n t  -  I n o c u l a t e d  ■* S eaw ate r  P l u s  O i l
E n r i c h e d  * S eaw a te r  P l u s  O i l  P l u s  N u t r i e n t  
Amendment
C - N.S. - No significant loss during incubation period, Loss
waa <10^ of control.
ATable  G7. R ates  of d e g ra d a t io n  (n g /d a y )  of n-alkanea
fnCio * n^25^ South  L o u is ia n a  crude o i l  In 
c lo se d  f l a s k s  In o c u la te d  w ith  seaw ater c o l ­
l e c te d  d u r in g  S pring  1977.
11
Treatm ent
Days o f In c u b a t io n
S ta t io n 3 6 24 48
Cl In o c u la te d N .S .C N . S . N.S, N.S.
E nriched N.S. 407 63 0
D1 In o c u la te d N.S, N.S. N.S. N.S,
Enriched N.S. N.S. N.S, N.S.
N3 In o c u la te d N.S, N.S. N.S. N . S .
Enriched N.C. N.S. 76 N.S.
E3 In o c u la te d N .S . N . S . N . S . N.S.
Enriched N .S . N . S . 105 4
F2 In o c u la te d N.S. N . S . N.S. N.S,
Enriched N.S, N.S. 102 0
J1 In o c u la te d N . S . N.S. N.S. N.S.
Enriched N.S, 255 0 55





Where: Weight Losbj  ^  Epg n - a l k a n e s ,  s t e r i l e
c o n t r o l  f la s k  -  Ejjg 
n - a l k a n e s ,  t r e a t e d  f l a s k ,  
d u r in g  the f i r s t  In c u b a tio n  
p e r io d .
Weight L oss 2  ■ Epg n -alkanes, s t e r i l e  
c o n t r o l  f ia sk a  -  Eug 
n - a l k a n e a ,  t r e a t e d  f l a s k ,  
d u r in g  the  second In c u b a t io n  
p e r io d .
Day^ ■ Number o f  days in  th e  f i r s t  In c u b a t io n  
p e r io d .
Day2  -  Number o f  days in  the  second in c u b a t io n  
p e r i o d .
B - Treatm ent - In o c u la te d  ■ S eaw ate r  P lus  Oil
Enriched  -  Seaw ater  P lu s  O il  Plus N u tr ie n t  
Amendment
C -  N.S.  -  No s i g n i f i c a n t  l o s s  d u r i n g  In cuba t ion  p e r io d ,  l o s s
was <105£ of c o n t r o l .
Table G8. Ha t e e  of d e g r a d a t io n ^  (iig/day) o f  n - a lk a l i e s
{nCm -  nC25> i n  South L o u is ia n a  crude o i l  In
c lo se d  f la s k s in o c u la te d  w ith S e a w a te r c a l -
l e c te d  during Summer 1977.
ft □aya of In c u b a t io n
S ta t io n Treatment 3 6 24 48
Cl In o c u la te d N .S ,C N. S . N.S. N.S.
Enriched N .S . 277 58 0
D1 In o c u la te d N .S . N. S . N.S. N.S.
Enriched 1 9 6 107 9 32
N3 In o c u la te d N .S, N .S . N.S. N.S.
Enriched N .S , 1S6 90 35
E3 In o c u la te d N .S . N.S. N.S, N.S.
Enriched N .S, 163 0 19
F2 In o c u la te d N .S. N.S, N.S. N.S,
Enriched N .S . N. S , 62 0
J 1 In o c u la te d N .S, N.S, N.S. N . S .
Enriched N .S. N. S, 64 0
A - Rate o f  Degradation “ Weight L o s a j  - Weight Lo
Day 2 “ Dayj
Where; Weight Loes^ *■ Epg n - a l k a n e a ,  s t e r i l e
c o n t r o l  f la a k  -  Epg 
n - a l k a n e s ,  t r e a t e d  f l a s k ,  
d u r in g  th e  f i r s t  I n c u b a t io n  
p e r io d -
Weight Loaa^ ■ Epg n - a lk a n e s ,  s t e r i l e  
c o n t r o l  f l a s k  -  Epg 
n - a l k a n e s , t r e a t e d  f l a s k ,  
d u r in g  th e  second In c u b a t io n  
p e r io d  -
Day^ » Number of dayB i n  the  f l r a t  in c u b a t io n  
p e r io d .
Day,, » Number of days in  the  second in c u b a t io n  
p e r i o d ,
fl -  Treatment -  Inocu la ted  ■ Seawater P lu s  O i l
Enriched ■ Seaw ater P lus O i l  P lus N u t r ie n t  
Amendment
C -  N.S. -  No s i g n i f i c a n t  i o a s  dur ing  i n c u b a t io n  p e r i o d ,  l o a s
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Appendix J .  Changes In th e  l e v e l s  o f  petroleum  d eg rad in g  (ttC) and
h a te ro t ro p h ic  (HET) b a c te r i a  in  c lo se d  f l a s k  In o c u la te d  
t f i th  seaw ater and t r e a t e d  with v a r io u s  l e v e l s  o f  b o th  
L ou is iana  crude o i l  and Ino rgan ic  n u t r i e n t s .
Symbols i N -  HPN/ml
Q  -  h e te ro t ro p h ic  b a c t e r i a  
f  -  pe tro leu m -d eg rad in g  b a c t e r i a  
a -  no n u t r i e n t  amendment
b -  1 ml of 0 .5*  n u t r i e n t  s o lu t io n  added
c -  1 ml of l .O x n u t r i e n t  s o lu t i o n  added
d -  1 ml o f 2+Gx n u t r i e n t  s o lu t io n  added
The n u t r i e n t  s o lu t io n  con ta ined  1 ,0  g /1  and
o . i  g / i  k2kpo4.
1 4 5
NO OIL 0  0 0 * %  OIL
Ip
3 •  24
□A Y S  o r  in c u b a t io n
0  6  d  a  h
3  6  2 4
DA; 3 OF IN C U flA H Q N
4 8
0 . 1 %  O IL0 .0 1 %  O IL
1  6  2 4  4 8
DAYS OF INCUBATION
3  B  2 4
OATS OF INCUBATION
F A L L  1 9 7 6 , 15QC
146
NO OIL 0-01% OIL
DAYS OF INCUBATION
3 « 24 41
O A * S  QW IN C U B A TIO N






S (  Z 4  4 1
DAYS OF INCUBATION
1  *  2 4
DAYS O F INCU BATION
WINTER 1977,5 ° C
1J
NO OIL 0 001% OIL
m
I  6  24 48
DAYS OF IN C U BATIO N
i  «  i *  
DAYS OF IN C U B A TIO N
0 0 1 %  OIL 0.1 % OIL
3 S  2 4  40
DAYS OF INCUBATION
3 «  24
DAYS OF INCUBATION
SPRING 1977 , 15° C
L40
NO OIL 0  0 1 %  OIL
Z4 4 8
DAYS OF IN C U B A T IO N QAYS OF IN C U B A T IO N
0-1 % OIL0 0 5 %  OI L
6  2 4  48
DAYS OF INCUBATION DAYS OF INCUBATION
SUMMER 1 9 7 7 , 2 0 °  C
H 9
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